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2ist June, 1967. 


Dear Taylor, 


I am enclosing a note confirming the date and 
place of the meeting we spoke about. If you have 
not been to this office before you come into the north 
entrance to Horseferry House (which is in Horseferry 
Road) and come up to the 5th floor; the messenger will 
then show you where Room 542 is. 


You may not have seen the note of our last meeting 
in January, so I enclose a copy for your information. 
I expect you will show this to Dr. Panton. 


Yours sincerely, 


F.H. PAVRY. 


H.K. Taylor, Esq., 

D.Sce.3., Ministry of Defence 
Main Building 

Whitehall, S.W.1. 


ir. Gelly 
Warning and Monitoring Branch 


Electro-Megnetic Pulse 


Sir Walter Merton my wish to attend the 
meeting on July 17th. Would you talk to him about 
it, and let me know if he will be coming? 


F.H. PAVRY. 
Zist June, 1967. 


Scientific Advisers 
Branch, 


etic Pulse 


This is to confirm the arrangements made by 
telephone for a ting to be held on Monday, 
17th July at 10.30 a.m., in Room 542, which is in 
this Branch. 


This follows our meeting of January 10th, 1967, 
of which you will now have received record. I have 
sent copies of this confirmation to the following:- 


Colonel F.G. Cabinet Office 
Mr. Ministry of Technology 
Mr. H.K. D.Sc.3, Ministry of Defence 
Home Office, 
Monitor 


representatives) 
ice, A.l Division. 


Fil foarg 


t June, 1967. 


Scientific Advisers 
Branch. 


tase erry Hause 
aW.L 


Mr, Pavry 
Scientific Advisers Branch 


Electro Magnetic Pulse 
Thank you for your note on E.M.P. dated 5th April 1967. 


Mr. Rodgers of the Post Office Engineering Department 
has made contact with the Ministry of Aviation, but 
attic progress was possible because of the lack of 
practical information on the subject. They and the 
Communications Branch are therefore anxious that the next 
meeting is not too long delayed. 


Perhaps you could advise me when such a meeting is 
likely to take place,please. 


IM Aho 


——— 


E. J, F, Ackroyd 


Communications Branch 


Whang 


M of A ~p eo 


of th second panech a 
th, as 


Borne, sages We Kelude 109 
K "Taylor BO. 0. Serene 3 Reet heck 


Will you plea 
to you? If not, x 


@ consult G.P.0. 


Flay 


Col. 


Mr. Garrar 


Mir. Brook 


°, Golly 


s office 


hursday, h April. 
me know if thi convenient 


indicate alternative days in that 


consult ¢.P.0. 


Fatoory 


Mr. Stanbury 
Col. Barnes 
Mr. Garrard 
Mr, Brooker 
Mr. Gelly 


Electro-magnetic Pulse 


At our meeting on 10th January I was asked to call 
another in April, 


T have not so far received the material listed at (c) 
and (d) in the ‘actions’, but it might be useful to hold 
a meeting so that progress can be reported. 


It is suggested we meet again in this office 
(Room 542) at 2.30p.m. on Thursday, 13th April. 


Will you please let me know if this is convenient 
to you? If not, please indicate alternative days in that 
week, 


Will Mr, Brooker please consult G.P.0. 
representatives? 


FP. H, Pavry 


30th March, 1967 


Scientific Advis Branch 


lo2 


Seientific Adviser's Branch, 


17th Wareh, 1967. 


Dear 


Please see the enclosed reply to the letter I wrote to 
B.R.S, on Barlow's advice: I sent you a copy. A foreign 
Dr. Golde (pronounced Golda) rang from E,R,A, to say that he or 
a Mr. Jackson would be willing to diseuss, but they are busy 
eff and on at international conferences. Dr. Golde was 
inelined to doubt whether their work was relevant, but if we 
wish to talk we are to ring their shered P.A., a Mrs. Sills. 
It might save tine wasted possibly on a visit if you rang 
Golde to ask his reasons for his doubts. 


Will yeu consider what,if any, further action on this 
subject is worth taking? If you decide to visit B,R.S. or 
E.R.A, and want me to come along, I om fairly free except from 
April 26th te the eni of May. 


Yours 


D. J. Garrard, Esq., 
Ministry ef Aviation, 
A.W.D.2(Bffects), 
Roem 508, 

Prospect House, 

80 New Oxford Street, 
Lendon W.C.4. 


Seientific Adviser's Branch, lor 


SAN 19/7/41 
1203/64/38 17th March, 1967. 
Dear Sir, 

Thank you for your lettar ef the 14th. I will 
first diseuss your letter with our adviser on 
electro-nagnetic problems, and will then consider 


any further action. 


Yeurs faithfuliy, 


the Directer, 

Ministry ef Technology, 
Building Research Station, 
Carsten, 

Watford, 

Herts. 


Ministry of Technology 


BUILDING RESEARCH STATION 
Garston, Watrorp, Herts. 
Telegrams: Research, ’Phone, Watford 
Please address any reply to Telephone: Garston (Herts) 4040 
THE DIRECTOR 


Sanee 4203/64/38 
rence 
14th March 1967 


Dear Sir, 
Thank you for your letter ¢ the 6th March. 


they reference that I can find on the attenuation of e-m waves by a wire grid 
is in a paper entitled "Some technical aspects of microwave radiation hazards" 

by WeW. Mumford, Proceedings of the Institute of Radio Engineers, Vol.49, pp 427= 
44.7, February 1961. This paper also conteins a nomograph for the calculation of 
attenuation due to a grid where the wire radius, the wire spacing, the input power 
and the wavelength are know. ‘This wavelength would presumably be the wavelength 
in the medium and would be dependent on the dielectric constant of the building 
material. 


Some theoretical work has been done at B.R.S. on the prediction of attenuation or 
microwaves by building materials. This work entails the prediction of the dielectric 
constant of the material when various amounts of water are present. There are some 
internal notes on this work available. 


It would seem then that if the B,R.S, work can accurately predict the wavelengths in a 
medium surrounding a grid and if this wavelength is used in conjunction with the data 
given in the cited paper that you should be able to calculate the amount of power 
getting through to your equipment, Perhaps even, you could caloulate the size of 
reinforcement grid necessary to give you optimum protection. 


If you wish to discuss the matter further, you should have a word on the telephone with 
our Mr. J.L. Smith of the technical advisory service. 


Yours truly, 


eeiape oa) 
A. G. Day 
for Director. 


F.H. Pavry Esq., 

Scientific Advisers Branch, 
Home Office, 

Horseferry House, 

Dean Ryle Street, 

London, S.W.1. 


Seientific Adviser's Branch, 
HOME OFFICE 
Horseferry House, Dean Ryle Street, Lonpon $.W.1 
Telephone: victoria 6655, ext. 
Telex: 24986 


Our reference: SAN/62 19/7/41 6th March, 1967. 


Your reference: 


Dear Sir, 


One of our Civil Defence problems is the protection 
of communications and power equipment from the 
electro-magnetic pulse renerated by the explosion of a 
nuclear weapon. 


In the literature on this subject it has been 
sucgested by some that the reinforcement in the walls 
and roof of a concrete structure, such as a communications 
centre, could help to protect equipment in the structure: 
others have doubted the value of such protection. 


I understand that your Association has conducted 
research in the allied field of lightning protection, 
end so I sm writing to ask if you have any information 
or advice on the problem I have briefly outlined. 


I would,of course, be pleased to discuss the matter 
in more detail if you can help us. 


Yours sincerely, 


@frec Rol ds 


F. OH. Pavry y 


The Director, 
“lectrical Research Association, Ww Riwakey 


Cleeve Road, 


ee ne, Qurbpood 4 


Seientific Adviser's Branch, 
HOME OFFICE 
Horseferry House, Dean Ryle Street, !onpon S.W.1 


Telephone: victoria 6655, ext. 
Telex: 24986 


Our reference: SAN/E2 19/7/14 6th Merch, 1967. 


Your reference: 
Dear Sir, 


One of our Civil Defence problems is the protection 
of communications and power equipment from the 
electro-magnetic pulse renerated by the explosicn of a 
nuclear weapon. 


In the literature on this subject it has been 
suggested by some that the reinforcement in the walls 
and reof of a concrete structure, such as a communications 
centre, could help to protect equipment in the structure: 
others have joubted the value of such protection. 


I have recently had 2 brief discussion with 
Professor Barlow of University College, who is one of 
our Regional Scientific Advisers, on this problem, and 
he advised me to write to you. He suggested this 
because: of research you are doing on the study of 
materisls by penetrating radiation, 


Wouli you plesse advise me whether you think that 
this research is relevant to our problem? If so, I 
will sf course be pleased to diseuss the matter in 
more ietail. 


Yours sincerely, 


F, EH. Pavry 


The Director, 

Building Research Station, 
Garston, 

Watford, 


entific Adviser's Branch, 
HOME OFFICE 
Horseferry House, Dean Ryle Street, Lonpon S.W.1 


Telephone: victoria 6655, ext. 
Telex: 24986 


Our reference: SAN/62 19/7/41 6th March, 1967. 
Your reference: 


Dear Sir, 


One of our Civil Defence problems is the protection 
of communications and power equipment from the 
electro-magnetic pulse renerated by the explosion of a 
nuclear weapon, 


In the literature on this subject it has been 
suggested by some that the reinforcement in the walls 
and roof of a concrete structure, such as a communications 
centre, could help to protect equipment in the structure: 
others have doubted the value ef such pretection. 


I have recently had « brief discussion with 
Professor Barlow of University College, who is one of 
our Regional Scientific Advisers, on this problem, and 
he advised me to write to you. He suggested this 
because of research you are doing on the study of 
materials by penetrating radiation. 


Wouls you plesse advise me whether you think that 
this research is relevant to our problem? If so, I 
will of course be pleased to discuss the matter in 
nore detail 


Yours sincerely, 


Cofires cewh ro 
ew 
a 
. Pavry Yew Nha 


The Director, ie Quntbook h 


Building Research Station, 
Garston, 
vatYrord, 


Scientific Alviser's Branch, 
HOME OFFICE 
Horseferry House, Dean Ryle Street, Lonpon S.W.1 
Telephone: victoria 6655, ext. 
Telex: 24986 
Our reference: SAN/62 + of7/h 6th March, 1967. 
Your reference: 


Dear Sir, 


One of our Civil Defence problems is the protection 
of communications and power equipment from the 
electro-magnetic pulse generated by the explosion of a 
nuclear weapone 


In the literature on this subject it has been 
sugested by some that the reinforcement in the walls 
and roof of a concrete structure, such as a communications 
centre, covli help to protect equipment in the structure: 
others have doubted the value of such protection. 


I understand that your Association hes conducted 
research in the allied field of lightning protection, 
end so I amwriting to ask if you have eny information 
or advice on the problem I have briefly outlined. 


Iw 3,of course, be pleased to discuss the matter 
1 if you can help us. 


Yours sincerely, 


. H, Pavry 


e 4 
‘lectrical earch Association, 
Cleeve Road, 
Le: thericad, 
Surrey. 


Rete GE 361/42/1 


Mr. F. H. Pavry 
Scientific Advisers» Branch 


Electro-Magnetic Pulse 


Thank you for the copy note of the meeting held 
on 10th January to discuss progress on the E,.M.P. 
question. 


The subject is of interest to Ai Division in relation 
to commnications for the Control System and we should be 
glad to be given the opportunity of attending your 
meeting in April, when you expect further information to 
be available. 


AO. bamtlystkh 


A1 Division 
HORSEFERRY HOUSE 


CABINET OFFICE 
Lonpon, S.W.1 


HOME OFFICE 
SCIENTIFIC ADVISER’S BRANCH 


Notes of a meet: held on 10th Janua’ 1 in 


room 542, Horseferry House to discuss:- 


Electro-magnetic Pulse 
sett rommagnetic Pulse 


Present:~ Mr, Stanbury Scientific Adviser's Branch, H.0. (Chairman) 
Col, Barnes Cabinet Office 
Mr, Garrard A.W.D.2,, Ministry of Aviation 
Mr, Wright ) G.P.C. 
Mr, Rogers ) 
Mr. Gelly ) Warning and Monitoring Organisation, H.0. 
Mr, Potter ) 
Mr, Lane 


Mr. Morley ) 
Mr. Brooker) 


) Mr, Pavry Scientific Adviser's Branch, H.0. 


Communications Branch, H.0. 


bd Mr. Stanbury said he had called the meeting to bring all concerned up-to- 
date on E.M.P. He had been prompted to do this because of two commmnications 
from Mr, Gelly:- 


(1) a minute dated 29th September 1966, in which he said he was trying 
to establish the present position, following a minute from the 
Chief Scientific Adviser in January 1966. (In that minute C.S.A. 
had reported the conclusion of the Nuclear Weapons Lethality 
Committee that the research effort on E.M.P. was inadequate. ) 


a letter dated 26th December 1966 from the Commandant of the R.0.C. 
to Mr. Gelly, about a lecture given by Mr. Abercrombie at Fighter 
Command. The Commandant reported that Mr. Abercrombie had said 
that basic technical data were freely available in an unclassified 
American report, and that local technical staffs could, with the 
help of that report, solve their problems. 


Mr, Stanbury dealt with this second item first, saying that there had, 
it seemed, been a misunderstanding at Mr. Abercrombie's lecture, The Scientific 
Adviser's Branch had been aware of the report in question for some time, 
since Mr, Garrard had kept them informed of his efforts to produce an edited 
version of low classification: but the report itself has all along been 
extremely highly classified. Mr. Abercrombie had been asked about his lecture, 
and denied that he had said the report was unclassified, 


As regards a lowly-classified version of the American report, Mr. Garrard 
said he had completed his draft, and it is now with the American authorities, 
whose approval is necessary before it can be made available, He hoped that 
approval would be forthcoming, and that it might be possible to issue the 
report within a few months, but it depended on how quickly the U.S. authorities 
acted, 


With regard to Mr, Gelly's first point, Mr. Garrard said that (following, 
the conments of the N.W.L. Committee on the lack of adequate research) the 
Ministry of Defence. Weapons Defence Committee had set up a Working Party to 
advise on how to solve the problem, 


Col, Barnes said he was associated with a separate study of E.M.P. by 
the Ministry of Defence. A report was soon to be made available through the 
Cabinet Communications Electronics Space Committee, and Col, Barnes said he 
would try to make copies available pe the Home Office. 


There was a discussion on the extent to which the effect of E.M.P. on 
communications and Civil Defence equipment had so far been assessed, It 
seemed that the G.P.0. have given the M.0.D. a great deal of information 
on their systems for this purpose, but it is not clear whether this has 
been examined in the E.M.P. context. It was thought that A.W.R.E. have not 
studied the G.P.0. problems, 


Mr, Stanbury said that it was necessary to consider how the various users’ 
problems might be studied when the new data from the U.S.A. and the M.0.D. 
was received. He suggested that the G.P.0., for example, might need assistance 
in studying their problems, 


It was agreed that it would be useful to hold another meeting in April, 
when the new data should be available, Meanwhile, the following actions were 


decideds— 


/ (a) Mr. Brooker to send to G.P.0. a copy of the "Basic Principles of 
E.M.P. Protection", 


he (b) Mr. Garrard and Mr, Wright to discuss G.P.0. problems, 
x (c) Col, Barnes to supply Home Office with report when available, 


vy (ad) Mr, Garrard to supply Home Office with report when available. 
? (e) G.P.0. to consider the need for technical assistance. 
Y (f£) Mr. Pavry to co-ordinate, and arrange the meeting in April, 


6 


RESTRICTED 


HOME OFFICE 


SCIENTIFIC ADVISER’S BRANCH 
Notes of a meeting held on 10th January, 1967, in 


room Horseferry House to discuss:- 


Electro-magnetic Pulse 


Present:- Mr, Stanbury Scientific Adviser's Branch, H.0, (Chairman) 
Col, Barnes Cabinet Office 
Mr. Garrard A.W.D.2,, Ministry of Aviation 
Mr, Wright ) G.P.0. 
Mr, Rogers ) 
Mr, Gelly ) Warning and Monitoring Organisation, H.0, 
Mr, Potter ) 
Mr, Lane 


Mr, Morley ) 
ips cBrooksn): Communications Branch, H.0. 


Mr. Pavry Scientific Adviser's Branch, H,0. 


Mr, Stanbury said he had called the meeting to bring all concerned up-to- 
date on E.M.P. He had been prompted to do this because of two communications 
from Mr. Gelly:- 


(1) a minute dated 29th September 1966, in which he said he was trying 
to establish the present position, following a minute from the 
Chief Scientific Adviser in January 1966, (In that minute C.S.A, 
had reported the conclusion of the Nuclear Weapons Lethality 
Committee that the research effort on E.M.P. was inadequate, ) 


a letter dated 26th December 1966 from the Commandant of the R,O.C. 
to Mr, Gelly, about a lecture given by Mr, Abercrombie at Fighter 
Command, The Commandant reported that Mr. Abercrombie had said 
that basic technical data were freely available in an unclassified 
American report, and that local technical staffs could, with the 
help of that report, solve their problems, 


Mr, Stanbury dealt with this second item first, saying that there had, 
it seemed, been a misunderstanding at Mr, Abercrombie's lecture, The Scientific 
Adviser's Branch had been aware of the report in question for some time, 
since Mr. Garrard had kept them informed of his efforts to produce an edited 
version of low classification: but the report itself has all along been 
extremely highly classified. Mr. Abercrombie had been asked about his lecture, 
and denied that he had said the report was unclassified, 


As regards a lowly-classified version of the American report, Mr. Garrard 
said he had completed his draft, and it is now with the American authorities, 
whose approval is necessary before it can be made available. He hoped that 
approval would be forthcoming, and that it might be possible to issue the 
report within a few months, but it depended on how quickly the U.S. authorities 
acted. 


With regard to Mr, Gelly's first point, Mr, Garrard said that (following 
the comments of the N.W.L. Committee on the lack of adequate research) the 
Ministry of Defence Weapons Defence Committee had set up a Working Party to 
advise on how to solve the problem. 


Col, Barnes said he was associated with a separate study of E.M.P. by 
the Ministry of Defence. A report was soon to be made available through the 
Cabinet Commmications Electronics Space Committee, and Col, Barnes said he 
would try to make copies available to the Home Office, 


There was a discussion on the extent to which the effect of E,M.P. on 
communications and Civil Defence equipment had so far been assessed, It 
seemed that the G.P.0. have given the M.0.D. a great deal of information 
on their systems for this purpose, but it is not clear whether this has 
been examined in the E.M.P. context. It was thought that A.W.R.E. have not 
studied the G.P.0. problems, 


Mr, Stanbury said that it was necessary to consider how the various users' 
problems might be studied when the new data from the U.S.A. and the M.0.D. 
was received, He suggested that the G.P.0., for example, might need assistance 
in studying their problems, 


It was agreed that it would be useful to hold another meeting in April, 
when the new data should be available, Meanwhile, the following actions were 
decided;- 


(a) Mr, Brooker to send to G.P.0. a copy of the "Basic Principles of 
E.M.P. Protection". 


(b) Mr, Garrard and Mr, Wright to discuss G.P.0. problems. 


(c) Col. Barnes to supply Home Office with report when available, 
(a) Mr, Garrard to supply Home Office with report when available. 
(e) G.P.0. to consider the need for technical assistance. 


(f£) Mr. Pavry to co-ordinate, and arrange the meeting in April, 
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23rd December, 1966 


Dear Professor Barlow, 


Thank you for your letters, I too will look 
forward to a further discussion on E.M.P. In the 
meanwhile here are a few quick thoughts on some of 
the points you raise, 


In mentioning an analogy with lightning protection 
I wes assuming, I think with justification, that in the 
cases with which we are concerned the total energy in the 
E.i. pulse would be comparable with that from a lightning 
flesh. This will only very rarely be an underestimate, 
possibly by a small factor, and will generally err on the 
conservative side from the point of view of design. We 
also noted the implications of the relatively steep 
leading edge. 


You are of course entirely correct in pointing out 
that the E.M, pulse is only one of a number of more or 
less simultaneous stresses applied to a particular system, 
I would be very happy to discuss these other aspects 
with you anytime, but in the meanwhile I can assure you 
that they occupy a large part of our attention. 


Professor H.M. Barlow, PeleSey MeleBeBs, MsTeMochsBey 
University College London, 

Department of Electrical Mngincering, 

Gower Street, 

Weois 


I am not quite sure whether I have correctly understood 
your reference to the use of aerials in the dual role of 
lightning protection, I wonder if it is relevant to point 
out that, unlike the very localised lightning strike phenomena, 
the E.M, pulse field is present everywhere, and becomes a 
nuisance in proportion to the length of metal or size of loop 
exposed to it. I have not expressed that very well, but I 
think you will see what I means 


Your low-loss waveguide development is certainly very 
interesting, and I am sure both Mr, Pavry and I will be giving 
it further thought in the context of our various problems, 
Thank you for pointing out the possibility of making 
arrangements through the N.R.D.C. 


With best wishes for the New Year. 


Yours sincerely, 


Zz) 


(D.d. GARRARD) 
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Please address any reply to 
THE COMMANDANT 

and quote: ROC/J ‘HG 
Your reference? 


Mre JeP. Gelly 

Warning & Monitoring Branch 
Home Office 

Horseferry House 

Dean Ryle Street 

London S.W.l 


HEADQUARTERS 
ROYAL OBSERVER CORPS 
Bentley Priory, SvAnmons, Middlesex 
Telephone: Bushey Heath 4000, ext, 206 


20th December 1966 


Refers to EMP Working Group's report, 
"Electromagnetic Pulse Phenomenology 
and Effects (U)"; DASIAC Special Report 
41 (DASA 1731), April 1966, classified: 
"Secret Restricted Data”. 


(DASA 1731 = AD372860L.) 


Yeas ee 


a 4 recently attended a talk by Mr. Abercrombie of A.W.R-E. on the effects of 
B.MePe etc generated by a nuclear explosion, on communications and on electrical 
and electronic equipment and cables. He said that much research on this had been 
done by the Americans and that the basic technical data is contained in an classified 
report issued by them reference DASA 731 entitled "Electro-Magnetic Pulee Phenomenology" 


I understood that this report contains a very great deal of technical information, 
graphs, tables etc, from which it it possible for users to interpret the possible 
effocts of E.M.P. on their equipment and communications. 


Mr. Abercrombies lecture dealt only with the principles of the E.M.P. phenomena 
as contained in the American reports and he emphasised that, because the physical 
layout and conditions of the communications and equipment of each user varied so 
widely, it would be inappropriate for him ow A.W.R.B. to witertake studies of effects 
on behalf of users. He quoted the case of a RAF Command to whom he had given his 
lecture, later sending hima long list of questions, all of which could have been 
answered by the Command's technical staff by reference to the data contained in the 
American report. I gather that thie apparant lack of co-operapion has led to certain 
ill feeling and has wrongly been interpreted that only scant information exists about 
E-MeP. The fact is that only limited work has been done on applying the known data 
to communications networks. In my opinion this work is not properly the task of A.W.R.B. 
but should be undertaken by local technical staffs, based upon data provided by 
organisations such as A.W.R.E. . 


I mow you are concerned about the effects of B.M.P. on our communications, and 
I thought the above might be helpful. It seems to me that, if S-A.B. could get hold 
of a copy of DASA 731, much work could be done in this respect. I am told that only 
a few copies of the report exist in this country but no doubt Home Office could get 
moz. from Americas I have tracked down one copy with AWD2 in the Ministry of Aviation. 
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B. 7. Wright Esq 
Planning Branch DS3 
Inland Telecommunications 
G.P.0. Headquarters 

St. Martin's-le-Grand 


CONFIDENTIAL 


has been made in the last year. I feel we should do something to protect our 
vital circuits by having them fitted with 1 i esters (gae discharg @ 
tubes) but before asking you to do = » I think we should ensure that thes are 
the best protective arrangements we could make. 


Yours sincerely, 


ici 


: a 
M" Stanbury. Memo. of Untervier with Prof. Baw low (0.12.66) 


As saggeded by you ; T weat to see Prd. Baloo with M’ Garrard, 
to give him an tatroduction to our tnterest tin the ofects of the 
Electromagectic’ Pulse. M” Garrard que huin & summary of the 
feckwicah backgteund and agreed 1 supply bin with apprepicl 
vepar's which he would sod thorygh this Branch. 

Prof. Barlow te tun tod us of researdh he (5 dotng om Wave 
Guides. MY Gastawd said thee is guile a ferible Vefonce applica 
TR , since Wave Guides fyovide a fsrible neem of comUeying 
Communekions thts stvucures Ay etnes whic. cadd be viitewne to 
EMP. chects . 

thet. Barlo is working with the G0. om prefesels for a long 
Wave Guthe — abut a mde loug— at Martlerhas. Heath. He 
fied that it wold be useful Thien if we Could ,lu day Way, 
lend sugfrt % thes pred, even if we Ad not accespaily wish 
f sufpart it financcally. 

Wothd yf conicder what , if aay ig We tom Uo 7 

M* Garr wos cbvimsly batt swore of the fonie applications of 
Wave Guides and T dm sure he wotdd be Pleased to fren ti any 
Ais cussions yp may decide t iutiate . 


Eur 
y Vo. 12 og 


Memo. of Talervias with 


Sh Doc eurhov | 166 


Dear ¥r. Wolfe, 
Thank you for your letter cf the 25th Neveaber. 


iil you ples iso arrange for six copies of the 
report to come to + branch 


‘e have pied in the past (May 20th and 
uly 50th 1965 é sopy of Abererombie's report 
' SUCCESS. Could you let 


ple 


Buildin, 
Aldermaston, 
Berkshire. 


UNITED KINGDOM ATOMIC ENERGY AUTHORITY x7 
ATOMIC WEAPONS RESEARCH ESTABLISHMENT, 
Butbns F@ +2. 
ALDERMASTON, 
BERKSHIRE. 
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b. Abercrombie, 


With Compliments 
of Mr.Gelly 


Warning and Monitoring Branch 
Home Office 


Horseferry House 
Dean Ryle Street 
S.W.1 


Tel: VIC 6655 Extn, 680 


set CONFIDENTIAL 


cpa/59 36/18/2 


Mr. R. H. F. Firth 
Communications Branch 


Electro-Magnetic Pulse 


T am trying to establish the present position on this subject and have 
written to the Chief Scientific Adviser asking him to let me know what 
progress, if any, has been made on the scientific side since he circulated 
his note of 28th Jamary 1966 (ref.SAG/62 10/156/2). 


2. Would you, therefore, be good enough to bring me up to date on the 
position so far as Communications Branch is concerned and, in particular, 
advise me on the following points:- 


(i) Was Elgood able to raise the question of progress in the 
EMP field with the Chairman of the Electronic Warfare Sub- 
Committee, as indicated in Ford's letter of 6th September 
1965 to Brooker (ref.COM/64/71/4/1), and if so with what 
result? 


(44) Has Brooker heard anything further from Ford about the 
latter's letter of 12th May 1966 to Chew of the Ministry 
of Defence (Air)? 


(4i4) What has happened to the suggestion first made by Ford in 
his letter of 6th September 1965 to Brooker and later 
repeated to Brooker in his letter dated 22nd March 1966, 
about studying the effects of EMP on the warning and 
monitoring network? 


3. Some three years have passed since Warning and Monitoring first raised 
the problem of EMP; I am sure you will agree that it is time we took stock 
and decided what, if anything, can be done to produce some results. 


(Signed) J. Gelly 


29th September 1966. 


Warning and Monitoring Branch 


CONFIDENTIAL 


CONFIDENTIAL 
BS se/8/a 
‘saa/ee 10/156/2 


Mr. H. A. Sargeaunt 
Chief Scientific Adviser 


Electro-Magnetic Pulse 


I am trying to establish the present position on 
this subject and should be most grateful if you would 
let me know what progress, if any, has been made since 
you circulated your note of 28th January 1966. 


4L~ 
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i ~ September, 1966. 
unit I 
wer he 


Warning and Monitoring Branch 
Home Office 
Horseferry House 


CONFIDENTIAL 


SECRET 


MINISTRY OF POWER 
Thames House South, Millbank, Lonpon S.W.1 
Telephone: Abbey 7000 


ry 


Our reference: WP 15/9/01 Pte2 
16th August, 1966. 


Your reference: 


Dear Pavry, 


E.M.P. Effects 


I return herewith NATO Secret booklet 
SA-6-2-04( SUS)1, Copy No. 240 - The Effects of Nuclear 
Weapons on Underground Structures. 


4s agreed with you on the telephone to-day, we 
have now sent copies of pages 21-38 to Messrs, Mott and 
Whitcher, 


Yours sincerely, 


~ Le Spencer) 


Fe He Pavry, Esde, Sei [«>/03 


Scientific Adviser's Branch, 
Home Office, 

Horseferry House, 

Dean Ryle Street, 

London, 8.Wele 


SECRET 


SECRET 


MINISTRY OF POWER 
Thames House South, Millbank, Lonpon S.W.1 
Telephone: Abbey 7000 /' |OG7F 


Our reference: 15/9/01 Pt.2 


22nd July, 1966. 


Your reference: 


Dear Pavry, 


E.M.P, EFFECTS 


On 15th June you sent us on loan Copy No. 240 of 
a dooument NATO SECRET SA-6-2-01(SUS)1 - Seminar on 
The Effects of Nuclear Weapons on Underground Structures 
to see pages 21-38 which relate to E.M.P. Effects. 


Is there any objection to Messrs. Mott and Whitcher 
of the Electricity Supply Industry having sight of this 
document before we return it to you? Both have been 
brought in on this subject and, as you know, have 
received papers from yous Both have responsibilities 
for defence planning arrangements in their industry and 
are security cleared to see documents up to and including 
SECRET classification. 


Yours sincerely, 


td f 
ee a 


F. H. Pavry, Esqe, 
Scientific Adviser's Branch, 
Home Office, 

Horseferry House, 

Dean Ryle Street, 

S.We1. 


SECRET 


« Garrard Ministry of Aviation 


Although we ve spoken recently, I find that I 
have not thanked for your note of 21st April 

Law, who initiated this correspondence has, I 
understand, now left the Warning and Monitoring 
Organisation; so I have not had replies to the questions 
at the end of your note, Before he left he sent me a 
~hote of 13th April, of which I enclose a copy, 


As a general co: ibution to the problem of prot- 
ection I think it wou be worth getting an 
assessment from the Electrical Research Association 
the value of reinforcing steel: could you do this? I 
it that. your “bonding” corresponds to welding? I 
think this should be made clear in any discussions, 
the jargon in structural engineering refers to 
binding ~ with binding wire - just to hold rods in 
position while the concrete is poured, Welding is 
sometimes, especially in proprietary meshes, 


Just for your information, 
correspondence between Mr, 
dated 28th September 1965, 22nd 1 


2hth March) 1966, 


Garrard, Esq, 
of Aviation 
(Effects) 


F Prospect House 
50 New Oxford Street 
LONDON W.C,1 


have Deck greg Thrtrgl all or paper's 
oh thi subyeet id furd Thal 
lh have Sout ie ‘apes of , 
MD. Gaxvardl f Aviat 
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Miz space], 
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See Garrard’s note on classification, He is obviously interested that this has been 
officially down-graded by DASA, This report - "Effects of the Electromagnetic Pulse" - was 
obtained by Mr. Stanbury at the May 1966 meeting of the NATO Scientific Working Party) 

F, H, Pavry 


17th June, 1966 


M Law - 
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Suagened i. Fords lettey { 22.366 
Eracher Abevcrabie 1s tikeed & leek 
at th War sino Mon fering Network, it 
neg ht be ay wel to Talk 7 hu. about 
hukaters, or ask Cartan Tr do So, tu 
thal farTiewlay conten 


Tel. No. : Museum 3644 - AeWetec \oacues 
Extn... 2092. ‘ Room 508, 


Prospect Fi 
Your Ref. Fis. a ashe fhe 
‘Any communication on the subject of 
hid letter should be addressed to : London, 
THE SECRETARY 
and the following reference quoted : 
yA 


Z/ 


April, 1966. 


Mr. Pavry, 

Scientific Adviser's Department, 
Home Office, 

Horseferry House, 

Horseferry Road, 


Don Famke E.M.P. Screening 


I have never been quite happy about the U.S. claims that "re-bars" 
provide substantial shielding as I have always suspected, perhaps quite 
unjustly, that they were commercial attempts to whitewash the omission 
of any special measures from a particular class of early U.S. 


installation. 


On general grounds it is to be expected that a well-conducting mesh 
will be an effective electrical screen at wavelengths large compared 
with the mesh spacing,at distances back from the mesa of at least a few 
times the mesh size so that the fringing field penetration is slight. 

I am not at all sure whether a practical reinforcing system, with 
pretty haphazard electrical contacts and relatively high resistance 
material (its the electrical skin depth of a fraction of a millimetre 
not the actual bar size that matters) can really be considered a> any 
approximation to the ideal conducting mesh. 


As regards the magnetic screening I am really quite sceptical, as 
the effective permeability of such a system at 20 Ke's or so must be 
pretty small. In fact some years ago Abercrombie aad I had a good loud 
laugh at a U.S./U.K. presentation on the subject, ani the two 
agreed to differ, we not being involved at the tine, and the U.S. 
being a Contractor's man whom we did not expect to admit shortco 


If this is a live issue, I should suggest we contact the Electrical 
Research Association people who have published some nighly regarded work 
on the subject. They would be able to advise as to the likelihood of 
our getting appreciable screening with or without bonding. My ¢ 
and it is no more, is that 10-20 db might be obteinei in either case, 
but that other than by chance no more could be reliei upon in view of the 
number of wires and metal pipes rumning into the structure in sctual 


practice. 


I seem to remember M.P.B.\. saying that bonding for some work was 
normal practice, but the context now escapes me, 


As regards simulators, yr. Low may care to consider the Tollow 


points:= (2 0 contol of a 2 — ate Mart th a hawk 


(a) What do you want to simulate and on what installation? 


(») Are you prepared to instrament your installation and interpret 
the results (or make arrangements for this to he done)? 


(c) How big 4 financial outlay are you prepared to ineur? 
me 


press 


D.J. GARRARD. 


4 
Reference.,.CDA of) 8/2 


Mr. Pavry 


Electro-Magnetic Pulse 


Thank you for your note. e 


As regards simlators, I am not sure whether you are aware that A.W.R.E. 
have under development a high-power discharge apparatus for use as a signal 
source to test equipment which they are producing for us to detect nuclear 

| explosions. The apparatus has been designed primarily as a radio frequency 
source for field testing of direction-finding equipment, and the hope is that 
it can be mounted in mobile form. I do not know whether it would be suitable 
for the investigation of other induction and shielding problems, but the 
possibility may be worth looking into. 


Warning and Monitoring Branch 


Mr. Garrard 


I enclose a copy of a note from Mr. Law, of our 
Warning and Monitoring Branch, and a copy of the reply 
T have sent him. 


Could I have your comments, preferably with a spare 
copy to send Mr. Law? 


I am returning Sunde's paper. Many thanks for 
a 
FAW 
= 


5th April, 1966. 


letting us see it. 


Home Office 

Scientific Adviser's Branch 
Horseferry House 

Dean Ryle Street S.W.1 


Mr. Lew 
Warning and Monitoring Branch 


Replying to your note of the 1st, I think it is true 
to say in any box-type structure in reinforced concrete 
the reinforcing bars are likely to be bonded all round. 
They are commonly held to each other with binding wire, 
to keep them in place and this should, I imagine, be 
enough to give the necessary electrical connection. In 
certain jobs spot-welded steel meshes are used for 
reinforcement, and this would presumably be better still, 
especially if good contact between horizontal and vertical 
meshes were taken care of. My impression is that it 
would be a good thing to draw the attention of M.P.E.W. 
to the advantages of a continuously-conducting cage of 
reinforcement. However, it would be worth asking 
Garrard what he thinks; I will do this, and let you know 
what he says. 


I will also ask him about simulators. I had the 
impression that this was something A.W.R.E. would be 


bound to develop. 
a 


Sth April, 1966. 


Scientific Adviser's Branch 


cDA 
35 36/18/2 


Mire Pavey 


Electro-magnetic pulse 


Thank you for your note of 25th March; I am return- 
ing the report by Sunde and your minute to Mr. Brooker. 


Am I right in thinking that Sunde's paper suggests 
that the reinforcing bars of ferro-concrete buildings 
can give worthwhile magnetic and electric shielding, 
but only if they are bonded together to form conducting 
loops enclosing the volume to be shielded? I do not 
know if this would be normal civil engineering practice, 
but it seems doubtful. Would it be worth suggesting to 
Ministry of Public Building and Works that such bonding 
should be required in new civil defence construction? 


As regards the "Basic-principles" note, I should be 
grateful if you could confirm that there is no prospect 
of simulators becoming available in this country (item 
21 refers). 


Warning and Monitoring Branch 


Mee Law 
Wi d_ Monitoring Branch 


Electro-magnetic Pulse 


You may care to see the attached report by Sunde, 
before I return it to Garrard: also the list attached. 
I enclose a copy of the note I sent with them to 
Brooker. 


As you will see, he suggests we convey the American 
list of "Basic Principles E.M.P. Protection" to M.P.B.W. 
I think you have had dealings with M.P.B.W. on this 
subject, so would you convey the list, explaining that 
it came to us by a rather round-about route? 


F. He PAVRY 


~25_March, 1966 


Seientific Adviser's Branch 


You may care to see the attached report by Sunde, 
before I return it to Garrard: also the list attached. 
I enclose a copy of the note I sent with then to 
Brocker. 


As you will see, he suggests we convey the American 
list of "Basic Principles = « Protection" to M.P.B.W 
I think you have had dealin with M.P.B.W. on this 
subject, so would you convey the list, explaining that 
it came to us by a rather round-about route? 


Scientific Adviser's Branch 


Bo See ie 
M Brecker Comin unicat ions Branch. 
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I enclose 2 copies of "Basic Principles 
This list of principles is of American 


Protection". 
origin, end was obtained through a Nato meeting. 


It should ve of int st in connection with the 
protection of electrical ; x supplies. 


Home Office 
Scientific 
Horseferry 
Dean Ryle Street 
LONDON S.We4 


— ser’s Branch 


Milborrow 
of Power 


I enclose 2 copies of “Basic Principles E.M.P. 
Protection". This list of principles is of American 
origin, and was obtained through a Nato meeting. 


It should be of interest in connection with the 
protection of electrical power supplies, 


F. H. PAVRY 


March, 1966 
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CFFICIAL Use OWLY. 


Basic-principles E.M.P. protection 


Lightning Protection for all power cables; power supply as much as 
possible by a power station within the hardened facility 


Put wires in boxed, grounded circuits 
se ground=sereen over air-conditioning outlets. Ground all ducts 


Ground rebar especially if tack-welded 


5. Install largest available lightning arresters on power-system 


transformators 


Install spark gaps on telephone lines 


. Ground cable outer-shields 


asure that signal cable shields are well grounded at point of entry 
Bury cable as deeply as economically feasible 


Connect: the water pipes and other metallic entries into the grounding 
system 


Install lightning arresters on antennas and input leads which cannot 
be directly grounded 


iducate personnel in protection practices 
\dopt protection procedures to particular areas 


Do not interrupt shielding Eno a by outer conductor when a lead 
is tied to coazial cable 


Ground all non-essential equipment 


natural grounds are often unsatisfactory use massive counter 
at each site 


Bnsure that entire conduit system is well grounded 
Avoid use nonconducting lubricants when assembling conduit pipes 
Ensure that electrical contact exists between conduit and terminal box 


Install grounding strap from terminal box to door at box 


Spee EM-testing of the completed installation with appropriate 
simulation devices to ensure adequate protection 


Jse dry rather than oilfilled transformators 


Provide surge protection for emergency power equipment 


lightning protection on all above ground lines: 
If power equipment supplies several sites, install lower value fuse 
the equipment end 
o fuses rather than circuit breakers +— ron (and 
Do not use slow-blow or delay fuses p ay i 
Design fuses within safety margin i 


. Provide automatic closing doors with recessed fits for shielded rooms 
dehumidified storage for materials to be used in dehumidified areas 


> poor electrical contact points between sereened areas by applying 
s across the areas 


32. Put single-phase protection on all three phase equipment 


33. Ensure that the intrasystem wiring conforms to & "tree" or radial wiring 
scheme 3 


Cyn weal ty:-Predcey 1 CFO. (see da. 65) 
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CONFIDENTIAL 


LH. 13E 


Telegrams: Avmin, London, Telex. MINISTRY OF AVIATION, 
A.W.D.2( EFFECTS) , 
Room 846, 
ST. GILES COURT, 
1-13 ST. GILES HIGH STREET, 
LONDON, W.C.2. 


3rd February, 1966. 


Advisory Bureau Corps of Engineers Report No. 12! 


First let me say how much I appreciate your letting me have a sight of this 
report, and of the previous paper AC/158—WP 11,Report No.129, which I return 
herewith is, quite frankly, of relatively little interest to me because we have 
areas, known for a considerable time about the Kompaneets paper and its rebuttal 
by Gilinsky of Bnd Go oration 2 am not in a position to go through the German 
analysis in deta: Kena ao oahnst comment on its validity. I do however note 


Figure 2 on page 5 as being more or less in accord with Figure 1 of the Secret paper. 
This in fact does no more than increase my suspicion that both are derived from the 
same source. This you will recall is AFWL,who made a presentation at the Paris 
seminar at which we were both present,and which the German paper mentioned, The 
principle value of the German paper is therefore in its presenting a small proportion 
of the data at a lower security grading. I should have though that this was of 
relativelflittle significance to the U.K.-a-d toed —e C- Llagat 


On the other hand, NATO Secret working paper AC/158-WP/11 is a most valuable 
document. I have already shown a copy of this to R.A.E., who said that it would 
probably cover their immediate requirement for data for first phase analysis. 

I am taking steps to show another copy to R.R.E. Malvern, and will also discuss it 
with A.W.R.E, next time I am there. I hope to make further comments following 
these discussions, but in view of the current pressure of work it is just possible 
that I may not be able to do this before the date of your meeting. 


In case I do not manage to make a formal comment, I should like to mention here 
that the most useful extension of this document would be in the direction to facilitate 
estimates of the actual voltages and currents to be expected in conductors near the’ 
surface or at various depths underground. I am all too well aware that this docu- 
ment, in providing very valuable data as to the peak values of the E.& M. fields, 
leaves a considerable amount of work to be done in its application to any particular 
problem. 


Yours «ye 


Yew 


D. J. GARRARD 
FP. H. Pavry Esqey 
Scientific Advisor, 


Home Offi : 2p / iS 
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Zane iL f. S Z +f. 
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W'Sanbury t Ke. 


Mr. Sargeaunt 


you for your minute SAc/62 10/156/2 
January 1966. It is certainly some 
ow that the vulnerability of electrical 

E yuipment to nuclear rad 
electro stic flash has been studied by the 
Nuclear Weapons Lethality Committee. I cannot however 
draw mich consolation from the conclusion in their 
report quoted in your minute. It is only a statement 
of a fact - and not very comforting fact at that. 
I hope and assume the report did include a strong 
recommendation that a greatly increased effort be 
devoted to br ng what might well prove to be a 
disastrous gap in our existing lkmowledge either 
nationally or in co-operation with the Americans 
and/or other allies. 


. 


—_—_—— 
3lst January, 1966 


asn/ea 10/156/2 l 
Saws 9/7 li 0 


Sir Walter Merton 
Mr. Firth 
Mr. Gelly 
Mr. Elgvod 


Elect ronMagnetie Pulse 


As you know, we have tried to keep abreast of progress in the study 
of the effects of EP .on communications, and concern has sometimes been 
exprewwed at the lack of definite information which can be applied to Civil 
Defenee planning. 


We have beon aware all along that such information is of great 
importance to all the Services, and thet a concentrated reseerch programme has 
been in progress. It has been clear, nevertheless, that this is an extremely 
difficult problem, the difficulty being aggravated by the ben on test 
esplosions, The American Defense Department is fully aware of the need for 
information, and the main research effort is in the USA. British exports 
are in touch with the American team, and it is hoped that we will evontually 

& Handbook containing the kind of guidanee ve need. But it cannot be 
expected that thie will be available in lese than a year or two. 


Meanwhile, it is understood thet the GPO are in touch with experts at 
Aldermaston on certain specific problems. 


You may care to know thet EXP has received continuous attention from 
the Nuclear Weapons Lethality Committee. This Comittee has the Director 
General of Atomic Weapons of the Ministry of Aviation as Chairman, end all 
Serviee Departments, as well as the Home Office, are represented, 


The Coumittee has recently prepared a “Survey of Current Knowledge of 
Nuclear Weapon Effects, and of the Adequacy of the UK Effort in this Field". 
The Survey has been sent to all the Chief Scientists of the Service Departments. 


As you will nee, from the first conclusion of the Survey, which I quote 
below, there is a concensus of opinion regarding the importance of the subject of 
EN? 


"A very considerable gap exists in our knowledge of the vulnerability 
of electrical and electronic equipment te nuclear rodietion and 
electromagnetic flash. This knowledge is essential to the study 

of many systems and complex targets. The effort currently devoted 

to these investigations is insufficient te obtain this information 

in a reasonable time". 


RGEAUNT 


Chief Scientific Advia: 


Avmin, London, Telex. 

Telex No. : 22241 
Tel. No. ; Museum 3644. 

Extn, 2 
Your Ret. 
Any communication on the subject of 
this letter should be addressed to 

THE SECRETARY 
and the following reference quoted : 


/ / Oly 
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MINISTRY OF AVIATION, 


46 
ST. GILES COURT, 

1-13 ST. GILES HIGH STREET, 
LONDON, W.C.2. 


members 


i D. Abercrombie and Dr. E 
Mr. D.J. Garrard of nistry of Aviation were invited by D.A.S.A. to 
participate in this project. The idea was to get together those eople 
cerned in the determination of the electromagnetic flash 
nuclear ex ions a in the evaluation of its interaction 
» with mw to writing a comprehensive document a5 a basis 
for future design. It was felt that the present moment was opportune 
because cessation of atmospheric testing has meant that little more 
information is to be expected in the foreseeable future, and because the 
large theoretical effort which has been put into this study is about to be 
diverted on to other problems. 


A group of about 30 people therefore at D.A.S.A. invitat 
Data Centre G.E. Tempo, nta Barbara, California from 
to the 29th June, 1965. After a brief introductory talk the par 
into four sections each charged with writing one ter of th 
These dealt with: 
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Notes of meeting addressed by Derek Garrard 
on Electro-M gnetic Pulses (23rd August 1965) 
i. Mr. Garrard said that the frequency of such pulses was 
so low that unless equipment was connected to very long cables 


the question of massive damage over a very wide area was 
extremely doubtful. 


2. ‘The problem of damage due to lightning was mentioned and 
the fact that the G.P.0. had long since given up using 
lightning traps. It would be possible to use self adjusting 
gas ionisation traps, but the G.P.0s attitude was that this was 
a defence charge which should not be put on to the normal 
commercial installations. 


3. Mr. Garrard suggested that Home Office installations should 
be tested with a pulse generator, as the greatest chance of 
damage was at the equipment end. 


4. There was no danger of ordinary transistor sets being put 
out of action by an electro-magnetic pulse from a bursting 
nuclear weapon, but there was a danger to old steam radios 
connected with long aerial connections or @bnnections. 


5. There was very little information available about the electro- 
magnetic pulse from a nuclear burst above about 50kw.i.e. above 
the atmosphere. Much of this pulse received at ground level is 
within a microsecond and comes from the beta emission at the 
point of the explosion, and not predominantly sas was originally 
believed, from the electrons resulting from collision by the 
X-ray photds as they entered the atmosphere. 


/ 


; 23rd August, 1965. 


(Prose 


tee Sereoaunt 


Miectrommernetic Pulge 


sted to attend, in 
vury, Deve Modulay and me. 


Pile PAVRY 
Lbs jupusts 1965. 


(Copies sent to mr, Garrard, “ir. Brovker, 
Mr, Geliy). 


Mr. Pavrgy, 
Scientific Advisers' Branch 
Electro-magnetic Pulse 

With reference to your minute of 29th July, 1965, 
to Mr. Brooker, Communications Branch, the Inspector 
General has expressed a wish to attend the proposed 
meeting. He is able to attend on 23rd August, but has 
asked that the meeting be put back to 1045 hours. If 
this date and time are not convenient I would be glad if 
you would let me know as soon as possible of any alter- 


natives so that the Inspector General may be informed. 


The Warning and Monitoring Branch would wish to be 


represented. 


at- 


AM4 


¥ e 
G. A. POTTER. 


3rd_August, 1965. 


Warning and Monitoring Branch. 


MSargeuiat' T spdle + yo. abot thi. Fry 9 
M Stasbury fe see 


Electro-megnetic Pulse 


You asked me on the 26th whether we have had any 
further information on the progress of research in this 
field. 


As I said, I have seen references in the minutes of 
@ Ministry of Aviation Committee meeting, to the effect 
that work on the American Handbook for the use of 
engineers proceeds. In addition, it seems, the 
American authorities now have simulators, which can be 
used to test existing circuits, etc. 


I have telephoned Mr. Garrard, as I knew that he has 
just returned from discussions with the Americans, and 
gather that he was collaborating in the drafting of the 
Handbook. It seems that this is to be a full-sized book, 
and it would be unrealistic to expect that copies will 
be available here sooner than about the end of next year, 
at the earliest. 


I therefore asked Mr. Garrard if he would be willing 
to tell us, at an informal meeting, whet he can of the 
present position. He agreed to do this, but as he has 
been away for the last month he asked me to give him a 
few weeks in which to sort his papers and data, and 
fulfil other commitments. 


I doubt if we want to make this a very large 
meeting, on the lines of the 'Seminar' last October, but 
there are certain people we ought to invite to keep then 
informed. If you agree that such e meeting would be 
useful to you, perhaps you will give me an indication of 
whom you think we should invite. 


/ite. Garrard 


Mr. Garrard indicated thet he should be available during 
the last week in August. So it might be as well to start 
thinking about a suitable date. Say Monday, August 23rd, 
10.30 a.m.? 


¥.H. PAVRY 
29th July, 1965. 


Soientific Adviser's 
Branch. 


(Copcés Te M’ Garvavd e 


iW Gelly ) 
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T alto tnclote Jr you ta [rtuat ra, 
A copy of the rek Wie repert 
by Rl Hdl, whed M” Saadiry 
mink (sued . 


Mire Ke We Clark 
Ae Division 


I have consulted the Ministry of Aviation on the 
question of security ~~ in minute of 
March 29thd cr fj 
di te Ser 13 2(\ 


You coulda give the following information to Locel 
Authorities, without the need for any security restric- 
tion- 


Recent research indicates that the electro~ 
magnetic effects of e nuclear explosion can 
give rise to induced currents in electrical 
circuits, such as those used for light and 
power, These currents may be of sufficient 
magnitude to cause electrical damage beyond 
the range of serious blast damage. (It is 
therefore considered advisable to hold spare 
funes. eto.) 


I think this is the kind of explanation you need? 
Fale 
Maury 


5th April 1965. 


Seientific Adviser's 
Branche 


(Copy sent to lr. D. J. Garrard. 
AcW. Plans, Ministry of Aviation) 
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Warning ond Monitoring Branch 


MINIST 
PUBLIC BUILDING AND WO RKS 
Cleland House, Page Street, LONDON 8.W.1 
Telegrams: Travaucle London S.W.1 
Telepl Ay janc ¥ 1388 
aS weeny ey cy Telephone: Reliance 7611, ext. 
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COM solts/2 (cpicd from) 


CONFIDENTIAL 


rector of Com 


I refer to my minute CDA/59. 36/18/2 dated 
2ist October 1964. 


I should be grateful,if when replying,you 
would consider the whole range of commmication 
(lend line and vedio) end » equi t+ used in , 
Civil Defence which may be equally susceptible to 
damage. 

I am sending a copy of this minute, together - 
with a copy of my original minute of 21st October 1964, 
to both Mr, James and Mr, Jones, 


W. H. MERTON 
20th November, 1964 


THE QUEEN’S UNIVERSITY OF BELFAST 


Prorsssor K. G. EMELEUS \ DEPARTMENT OF PHYSICS, 

TeLEPHONE: BeLrast 30111 ( \ Queen's UNIverstty, 
Bewrast 7, 
NORTHERN IRELAND 


2 December, 1964, 


F. H. Pavry, Esq., 
Scientific Advisers' Branch, 
Home Office, 

Horseferry House, 

Dean Ryle Street, 

London, S.W.1. 


‘= 
Dear Mr. Pavry, 

Thank you for your letter of 
December 1 and the enclosure, which 
I am very interested to see. Its 
elassification has been noted. 


Yours sincerely, 


Le eyes 


K.G, Emeleus. 


Covering SECRET 


5H 


4st December, 196). 


Dear Professor Emeleus, 


We recently arranged a meeting with the Ministry 
of Aviation on electro-magnetic effects. Since you 
were asking for information on this subject carlier in 
the year, I thought you would be interested to have a 
copy of the minutes. 


Yours sincerely, 


Professor Ke G. Bmeleus, MeAs, PhoD., So.D., 
MORITA. 
Dept. of Physics 
Queen's University 
Belfast 
N.I. 


4S 


VUNF IDEN os 


Cc 
SP sera 


November, 196k. 
Dear Batho, 


le: 1 uw 8) 


A meeting was recently held under the aegis of our 
Selentific Adviser at which experts from the Ministry of 
Aviation described briefly the nature of the short but intense 
electro-magnetic disturbance accompanying a nuclear explosion, 
It appears that very large voltages and ourrents. may be induced 
in electrically conducting materials at considerable distances 
from the explosion, and the Post Office and the Ministry of 
Powor are, I gather, looking into the implications for home 
defence plans of the likely effects on communications networks 
and power distribution systema, 


Por the Warning and Wonitoring Organisation T am anxious 
to find out whether these electro-magnetic effects constitute a 
hazard additional te those of blast and heat and radioactive 
fallout which we have trie@ to take into account in planning 
our buildings, For example, is it possible that voltages 
induced into internal power wiring could break down the 
insulation of the wiring and cause such a surge of current, 
from the supply mains at the local generator, that the power 
supplies would be disrupted? If such results are possible, 
would they ocour at ranges at which the buildings might be 
expected to survive the blast from the explosion? If so, can 
any steps be taken to counter, or minimixe, the danger? These 


fare 


W. J, S,. Batho Baq. 

Ministry of Public Building and Works (A.8.123) 
Cleland House 

London 5.¥,1 


are some questions which occur to me, and there may well be 
others which ought to be asked and answered in relation to our 
Seetor Cperations Centres and the Royal Observer Corps Group 
Headquarters, if we are to make proper plans to survive a 
nuclear attack, 


From what was said at the recent meeting it seemed to me 

that answers to such questions could best be obtained by 

ig in detail the electrical systems within the 

in the light of the knowledge of the olectro-migne 

ich the Ministry of Aviation is prepercd to make 
avoilable to those who need to lmow, Perhaps such erg 
have already been made in relation to budldinys of the typ 
with which we are concerned, and you can let me know the sort 
of results we could expect, If not, I should be very grateful 
if your experts could look at the ‘problem for us, 


Yours sincerely, 


Wf 
ee 


CONFIDENTIAL ".0uFie 


Inland Telecommunications 
Department 

Headquarters Building 

St. Martin’s-le-Grand 
Lonbon ECL 


Telex: 21166 (m9 10 1s) 
In any reply please quote Telegrams: Gentel London EC1 


etna 36/18/2 Telephone: unadguariers GOH 


Your relerene 


Hb October 


Flash Effects 


Thank you for your letter of the 22nd October, in 
which you seek confirmation that the Warning and Monitor— 
Branch will bé told in due course about the result 

tudy of flash ¢ s to be made by AWRE, My 
i try of Defence, prot 
» will yeport on 
en complet 
Jub—Committes of the Combined 

ittse, on which, = » the Home Office i 

presented by Elsood sume that this is the 
through which Warning : ¢ Branch would be told 
munication 6 ;uipment, 
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CONFIDENTIAL 


which I have 
ity of mention- 
1 consia 
S upon the instruments, end T will let you 
conje of thi 


Yours sincerely, 


cpa 36/18/2 
22 Ostoder, 1964. 


CONFIDENTIAL 


Dear Ford, 


Elec Effects of Nuclear 


zi 
om 


From the discussion of the above mentioned subject at 
the weeting on 20th October I_uaderstand that the Post 
Office will be considering the problem of the electro~ 
magnetic and other effects as they concern telephone and 
line communications generally. No doubt we in the 
Werning and Monitoring Branch will be sade aware of your 
conciusions, in due courses 


Heanwhile, I wonder if I could ask you to have « 
look also at the Royal Observer Corpe teletalk instrument 
end the carrier equipment, both of which contain transistore 
aud ought I suppose to be considered in relation to - 
nyptron houbardment as well as electromarnetic flash. We 
should, of course, very much like to know whether these 
items of equipment are likely to be susceptible to damage 
from these effects, and if eo what, if onything, could be 
aone to protect them, 


Yours sincerely, 


f 
brn 


K, Ford Eaqe 

General Post Office 

Inland Telecommunications Department 
St. Martin's “e Grand 


LONDON Beet 
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Gone mer Lue elfects of nuclear explosions on 
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SECRET 
xY/306/01 


Kinutes of a Peeting held in Room 208, Horseferry House, 


Dean Ryle Street, S.1.1, at 10.30 a.m. on 20th October, 1964. 
Present Representing 


H.A. Sargeaunt In the Chair Sc. Adv., Home Office. 
J. Brooker Home Office, Comm. Branch 
E. Glaysher a 


"eG" Divn. 


SAR, 


G.R. Stanbury 
E. Leader-Villiams 
N.F. Law ? & Von. Branch 
J. Gelly " w 
G. Potter a 
WH. Verton 
- C.E.C. Hurst 
c. FYott 
-J. Whitcher 
T. Kilvington 
+ Ford 
Mr. R.H. Franklin 
Col. T.W, Armour 
Gp.Capt. P.M. Chettle 
Vr. D.J. Garrard 2 (Effects) 
Vir. 1.5. Popham M.0.u./Ord. Board 
Mrs. ¥.E. Wilkie Secretary i-17.D.2. 


1. Wr. Sargeaunt introduced the speakers from the !inistry of Aviation and 
the Ordnance Board, and scid that the meeting was svecifically concerned with 
the hazard from electromagnetic flash to electrical installations and 
equipments of all kind Group Captain Chettle said that it was necessary 
to correlate the damage radius for iN flash with those of the more obvious 
hazards from a nuclear burst, in order to assess ite significance at any civen 
position. A brief sumuary of the main effects, including nuclear radiation, 
would be presented, proceeding to EH flash phenomena. Thence the meeting 
should proceed to its mein purpose, which was to obtain the views of users of 
equipments and installations threatened by this hazard. A knowledge of the 
problems in the communications and power transmission fields was necessary, 
in order that research could be directed to their solution. York in this 
field was co-ordinated by the Nuclear “eapons Lethality Committee. This was 
an inter-departmental committee which was the link between the specialists 
working at A.7.R.E. and those in other Government departments. _ The staff of 
D.A.W.D., Vinistry of Aviation, acted as executive to the committee. 


2. Wr. Garrard said that information on Ei‘ flash had lagged behind that 

on other effects since instrumentation at earlier trials was specifically 
aimed at weapon design measurements. Wuch of the d=ta had been accumulated 
incidentally in making other measurements, and was in consequence less 
complete than was desirable. However, a few trials had been instrumented 
to obtain the required parameters, and a sufficiently consistent reservoir 
of knowledge now existed for the formulation of a theoretical model adequate 
for engineering purposes. 


3. kr. Garrard showed comparative curves for damase radii for the main 
effects, and pointed out that only at low yields (of 2 few kilotons) did 
the radius for perman: nuclear radiation damage exceed those for blast 
and thermal damage. ce then demonstrated the rate of emission, with a 


a5 
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time history berinning at 10 nano-seconds. Actually, 5/ of the gamma 
radiation was emitted in the first microsecond, and 20;. by the end of one 
second. To this must be added the neutron emission, which reinforced the 
gamma pulse by intersection with air and ground elements. 


he Typical curves for the pulse from a megaton and a nominal weapon were 
shown, giving time history at 1 mile and 2,000 ft. ranve (from burst) 
respectively. He pointed ot that the ") flash hazard, deriving from the 
ionising nature of the gamma pulse, was a transient response causing 
misfiring, or loss of refe.ence in memory circuits. trons, on the 
other hand, permanent damage, changing 4 electrical characteristics 
of semi-conductor components. \ nor criterion for damage to transistors 
would be 50). loss in current sain, but sensitivity could be much greater 

if adjustment were critical. Neutron damage was unlikely to be significant 
beyond the range for severe blast damage. 


5, lr, Popham gave a brief account of the mechani«t: by which the ionised 
sphere, and hence the electromagnetic pulse, is formed, Electrons are A 
stripped from atoms in the vicinity of the burst by the high energy neutrons 
and gamma radiations. The consequent Compton electrons flow outward 
radially, until eventually slowed down and absorbed, and a large sphere of 
ionised matter results. Oscillations of this sphere produce the electric 
field observed at a distance. The size of the sphere only varies slightly 
with weapon yield. fbout 4,000 volts/metre is the order of magnitude of 
the electric field expected at ats surface. Time history of the Il’ pulse 
shows a rapid rise time, in 10 ~~ seconds, a duration of about 10 to 30 
microseconds, with frecuencies about 104 cycles/second. Peak field strength 


increases with yield, scaling as ¥ 3, Both the electric field and the 
corresponding magnetic field have been determined for ranges outside the - 
ionised sphere but conditions within the sphere are not known with any 
accuracy. Extrapolation from observed values out: e is not possible, 

since the highly conductine nature of the sphere distorts all the parameters, 


Cs Calculation of the induced currents from the field strength and 
dimensions of the conductor was not difficult. “ith a simple probe this 
became the product of field strength and probe length, and diminishes 
directly with distance from burst. Obviously with more complicated 
circuitry, comprisin= loops and sections differently aligned to the field, 
current strength could not be so easily assessed, ard the simple calculation 
was not valid if the conductor approached the wave length of the pulse. 
However, it was apparent that large local voltages could build up, with 
results depending upon resistance or insulation in the circuit. Tnergies 
were comparable with tho-e of normal radar, at distances of about 1,000 metres 
from the ionised sphere. 


Ts liz. Uiles asked if the ionised sphere could be regarded as a dipole 
and Ir. Popham agreed th=t this rationalisation was used in calculating 
effects, assuming a vertical axis, which appeared to be justified. In reply 
to Mr. Law, ir. Garrard indicated the variation of field strengths with 
distance as shown by curves for electric and magnetic fields. The relation 


= 10! in volts/metre, R in metres) was true outside the ionised sphere, 
R 
but within it fields tended to be constant as a result of the high conductivity. 


8. Lr. Garrard quoted some results from an actual trial with a low kiloton 
weapon at ground level. Peak currents in long radial wires were about 
3,000 amps at 1,000 ft., and 1,000 amps at 2,000 ft. Some asymmetry 

was demonstrated by currents of 1,000 amps induced in transverse sections 
of loops. These results showed the expected order of magnitude, but that 
prediction at any given site would in this case have rroved unreliable. 
vick-up loops inside screened containers had recorded small currents out 

to 4,000 ft. from ground zero. Core to sheath voltaczes of the order of 


SECRET. 


200 to 400 volts were observed at half a mile.in insulated nulti-core 
cables, compared with a few tens of volts in the case of bare metal 
sheath cables. Sheath to earth polarities reached a few kilovolts in 
the case of the insulated cables. Fuller details of these observations 
could be made available. 


9. Bs Ford said that the G.7.0. must be interested in Li flash effects 
on their communications equipments, end had in fact instigated an assessment 
of the threat to one installation by 4.¥.R at the instance of 7'.0.D. 
Obviously all installations should be considered, but he thought that the 
reliability of the data, as evidenced by the shot described by Mr. Garrard 
did not justify the work required. He thought sowe further confirmation 
desirable before undertal:inz comprehensive calculations of the threat. 
Mr. Popham said that the main f atures of the electric and magnetic wave forms 
were consistent and not based on one shot only. i Garrard said that this 
shot had been specificelly instrumented for IM flash 

Mere 20svier some questions but raised others, particula regarding the technique 
of measurement. Group Captain Chettle said that there was agreement on the 
most important features, i.e. the phenomena outside the ionised sphere and 
the nuclear radiation pulse. Effects on actual equipment must be assessed 
by, or for, the user, nce the circuitry exposed was kmown only to hin. 
Kr. Kilvington said he thought that, with a fundament=1 frequency near 10 
cycles per second as quoted, damage to microwave radio relays was more likely 
to occur from induced currents. lx. Garrard agreed, end said thet the 
mixer and aerial connecting cable were likely to be vulnerable. Mr. Popham 
quoted an actual experiment in Australia, in which a microwave radar 
transmitter had been,alisned toward a kiloton range burst while in operation 
at a range of about 10 miles. It had recovered after missing one or two 
pulses. Wr. Franklin asked what hazard was likely with coaxial cables used 
in Transatlantic lines, and Wr. Garrard said that limits could be calculated, 

though differing types of sheathing would introduce variable factors, 


10. Mr. Morley said that Home Office VHF and UHF communications installations 
were hardened to a 5 p.s.i- level in respect of blast and asked how 
significant the corresponding frequency components the Ei flash would be 

at such a range. 2 d said that 5 p.s.i. corresponded roughly with 
10 KV/metre and as even 1 Tovolt/metre appeared to be at about 1C times 

the "Cl damage radius there was obviously a hazard. It should be noted that 
the pulse, though generally similar to a lightning flash in effect, could not 
be discounted in the s way as an unlikely continsency. Given a nuclear 
burst, an EM flash was certain consequence, its results only being uncertain. 
It was faster than a lightning flash, having a steeper rise to peak value 

and this might make certain tynes of protector ineffective. ‘opham 

said that 4.W.R.i. had produced an analysis of the spectrum, giving the power 
within frequency bands. ix. Sargeaunt said it was parent that calculations 
must be done, and suggested that Home Office Communications might be the 
subject of a similar investigation by A.W.R.E. to th=t undertaken for the 
G.P.0. 


ll. Kx. Whitcher said that power installations were likely to be less sensitive 
than communications. If the Ef pulse were regarded as severe lightning with 
1007, certainty, then he thought minor damage only need be anticipated. 

Lightning was a hazard with which they had learnt to cope. On the other hand, 
they were very significant users of communications, and they must take very 
serious note of the points made in this field. i Vott said that there was an 
obvious threat to computerised control systems which were currently being 
developed. Overhead transmission lines might also be at risk, but obviously 
heavy equipment would be less vulnersble than transistorised circuits. He 
proposed to submit figures to the Automatic Control Committee (C.E.G.B. ) 

and would consult the /inistry of Aviation on this. . Garrard offered 

to co-operate in evaluatin: the systems and equipments in question. 

Mr. Topham said an environmental specification was required, to which 

equipment shovld be designed. 
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12. Mr. Firth asked how vulnerable were crystals, as used in UHF and VHF 
transmission, to this hazard. Mr. Garrard said that nuclear radiation 
represented the threat hcre and that although the crystals used for carrier 
frequency control single channel voice communications should not be seriously 
affected, as little as one roentgen could do permanent damage to very high 
precision crystals, e.g. of one in 1010 accuracy. ir. Franklin said that 
crystals of this order of accuracy were used in the ¢.>.0., so that some 
consideration of effects on the systems concerned was merited. 


13. Group Captain Chettle said that the pattern of investigation required 
could only be supplied by co-operation between 3 sorts of people: 


1. Theoreticians and field experiments - What the bomb does? 
2. Users - What is the threat? 


3. Designers - What will equipment stand? 
: ae 

Co-ordination of the work under these headings was obviously necessary 
before calculations could be made. The approach by G.T.0./1’.0.D. to A.W.R.L. 
should be fruitful, but was not necessarily open to 211 users. A.W.R.E. could 
supply, within limitations of available staff, data on the variations in time 
and space of the important thysical parameters after the explosion of a given 
bomb in a given time and place. The operating authority must specify the 
threat. A.Y.R.=. would rarely be able to assess the vulnerability of specific 
equipments to the effects they calculated; this should normally be a task for 
the equipment designer. Ministry of Aviation (A.W.D.2 (Effects)) had 
information and experience in this field and would be pleased to give advice 
where possible. The W.W.L.C., as the appropriate interdepartmental committee 
were concerned to see that interdepartmental co-operation on this kind of 
investigation was both possible and successful. Mr. _Sargeaunt said that the 
meeting had been very illuminating, since the nature of the hazard had been 
imperfectly appreciated. The lines on which work must proceed were indicated, 
and the users must now ce an appraisal on installations for which they were 
responsible, to determine where screening or modification was required. 


Distribution: 


Those present 
Vr. L.T.D. Williams, 
ir. S.A, Hunwicks, 


Stn 3{7/r 


Mr. Ne Morley 
Communications Branco! 


Mx. Firth has raised the question of the possible 
effect of the EN flash on the survey meter at the ROC 
postse The ion chanber is at a position 5 ft. above 
ground level but most of the vertioal cable running 
down into the post is surrounded by the steel supporting 
tube so I should heve thought it would be safe enough, 
but this is really outside my field. Deason knows the 
instrument itself very well, and perhaps between you 
you could let Firth have a considered opinion. 


The ROC post and the instrument mounting above 
ground are designed to stand 50 psi. 


BL 


2st October, 1964. 


Sclentific Adviser's 
Branche 


From: Mr. H. Ae Sargeaurt, CP, OBE. 
Chie? Scientific Atviser. 
Victoria 6635. Ext: 523, 


san/6z 19/1/1 23rd October, 1964. 


Deer 


Your presentation and that of your team at the 
Home Office was & great success and I have had several 
epprecictive comments from those who attended. If you vould 
thank Mr. Gerrard and Mr. Popham on our behalf we would be 
most grateful. I do hope that the diacussion afterwards was 
of help te you. It is never easy to wake sure that all the 
points are brought out but my genoral impression was that 
very usoful contacts were made. You yourself have obviously 
a@ difficult task in acting as a centre but I cen see nobody 
else who can ensure that the technical information of one 
@epurtment in passed on to others on the nen? to kuow basis. 
For instance, I om certain thet the rork rhich the Ministry 
ef Power are spperently proposing to do on computers ought to 
be availeble to tho Post Office an? to other people as well. 


I om having 2 word with Sir Falter Merton who 
wili { think take on the orgunisotional site of these 
probloms in the Nowe Office and wey voll be getting in touch 
with you later. 

Again thank you so mucke 


Yours sincerely, 


Gp. Capt. P. Me Chettle, 
AD/AYD 2, 

Ministry of Aviation, 
St. Giles Court, 

St. Giles ligh Street, 
London, ¥.0.2. 
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CODE 18-76 


x¥/306/01 


Effects of Electro-magnetic Pulse from 


Nuclear Weapon on Civil Defence Interests 


The meeting will be held in Room 208, 
Horseferry House, Dean Ryle Street, S.”.1. 
at 10.30 a.m. on Tuesday, 20th October, 196). 


AGENDA 


Introduction. Vr. Sargeaunt and Gp.Capt. Chettle. 


Effects 


(a) Wuclear Radiztion at Early Times Vr. Garrard. 


(b) (i) Electro-magnetic Pulse Yr. Dracott. 
(ii) Induced Currents and voltages ire Popham. 


General Discussion. 


Mr. Firth 
Would you please let me know if you propose to 
attend the meeting on October 20th, and whether you 


wish to bring anyone with you? 


I shall be responsible to the Ministry of Aviation 


on Security, so I need to know who will be present. 


44th October, 1964. 


Selentific Adviser's 
Branch. 


Mre Slater 
Bstablishuent Division 


I spoke to you recently about a Symposium it is 
proposed shall be held here on October 20th in conjunction 
with the Ministry of Aviations 


I understand that the presentations will be mostly in 
the Confidential security range, but that it would be pre- 
ferable to know that all those attending are cleared for 
Seoret, since that would give the lecturers more freedom 
in answering questions. I have now been able to compile 
e@ list of those expected to attend, and give the names 
below. ‘The only ones I have not so far had are those to 
be nominated by Mir. Firth. 


If you should need to consult the Seourity Officer in 
Aviation at any stage, you may wish to know that the 
Symposium is being arranged by A.W.D., Ste Giles' Court. 
It is on the subject of the Electro-magnetio effects of 
nmaclear explosions. \Nrs. Wilkie, of A.W.D., is concerned 
with the arrangenents. 


Fifa Ls 


9th October 1964. 
S.AsBe 


Mr. Sargeaunt 
Mx. Leader Williams 


Mre Stanbury 
ur. Pavry 


Sir Walter Merton 


/iir. Collyer 


£00 


H.O. (conta.) 


Mins of P.Be 
& Works:- 


Ming of Power: 


G.P.0,:° 


are 
Mire 
Mrs. 
Me 
Mrs 


Mre 
Mire 
Mrs 
Mre 
ure 
Ure 
Mr. 


Collyer 
Morley 
Brooker 
Watson 
Glaysher 


Ce Bs Cy Hurst 

Ae Re De Murray, who is bringing:< 
Witcher) of the Blectricity 

Mott ) Supply industry 

~ yt Attendance arranged 
Kilvington ) tr Mrs. Brooker 
Franklin ) b sak © 


i= Coty Bite (sc UT | 


MINISTRY OF POWER 
ESTABLISHMENTS DIVISION 
Thames House South, Millbank, Lonpon S.W.r 


Telephone: Abbey 7000 
Our reference: 15/9/01 


Your reference: 41th September, 1964. 


Dear Pavry, 


You spoke recently about a proposed half-day 
symposium on the electro-magnetic pulse. This is to 
let you know that Messrs. Whitecher and Mott of the 
Electricity Supply Industry will be willing to join 
in; I would also like to come along as an observer 
if you are prepared to have a layman in your ranks. 


Doubtless you will give us good notice of the 
date. 


Yours sincerely, 


ve 


(A. R. D. Murrey) 


F, He Pavry, Esae, 
Scientific Advisers' Branch, 
Home Office, 

Horseferry House, 

Dean Ryle Street, 

London, S.We1. 


5H 


28th August, 1964. 


BellePe Symposiug 


I have not been in touch with you since our talk 
on the 20th because I thought we should get Mr. Sargeaun’ 
views, and he was eway until yesterday. We agrees that 
we should concentrate on the effects of nuclear radiation 
and E.M.Pe, with a good long period for discussion; any 
points about thermal and blast effects could be covered 
in this period. 


I enclose a copy of a revised draft Agenda. 

It looks as if there will be about twenty-four 
people wishing to attend. We would appreciate as much 
notice as possible of the date or dates that would suit 
your Departzent, so that we can give the more important 
customers the best chance of being available. 


Yours sincerely, 


Fit lew r q 


D. J. Garrard, Esqe 


A.W.D. 
Ministry of Aviation 


St. Giles' Court 


Revised Draft Agenda 


Proposed Biase on Nuclear Weapon Effects, with particular 
reference to the effects of Blectro-magnetic Pulse on Civil 
Defence interests, including Communications and Power 


a (To be sponsored by ilinistry of Aviation, and held at the 
Home Office.) 


Estimate of Time 


Introduction 
Mr. Sargeaunt and Group Captain Chettle 


Effects 
(a) Nuclear Radiation 


(vo) (4) Balt, Pulse 
(44) Induced currents and voltages 


General Discussion 


2 hrs. 30 mins, 


=A 


List of those cepectcd ty atend 
beike Wola, Proposed Syn pesiam at the Hone O fice 


SAL. Sargeant 
tes Seabury 
Lecdor i cUluaand W) 
Vout 
Otley 9 


Cornus. B20 MS Brower 
TO - Maley CElgead dlepiy ), 
- Walse. 


i Clayshar 


CD Dept. Ser Walter Mortar 7 
ME + ace AID0 V4 plow, 
MRL Fone — 4 Cawk Cone (S00 taciuke ui) 4¢ 
M! Cllyer. / : 


M q fewev 


M Ferd _ 
» Kilvengte. 
- Prawkly, . 


4H 


Mr. Stghbury 


Electric-magnetic Effects 


We discussed your minute of 18th August about 
the proposed half day Symposium, and I explained that 
it was difficult for us at this stage to say firmly 
what our requirements would be for the Warning and 
Monitoring Organisation. Provisionally, however, 
we should like to bid for three or possibly four 
places. 


20th August, 1964. 


Thank you for sending me a copy of your minute 
dated 18th August 1964, addressed to Mr. Firth and 
Mr. Jones. I would very much like to listen-in to 
what is said at the proposed symposium. As I have 
a number of engagements already fixed for October 
I would be most grateful if your P.A. would liase 
with mine so that a day on which I am free can, 
if possible, be selected. 


19th August, 1964. 


Civil Defence Department 
Horseferry House 


f possible, I should like to attend the half-day 


@ Symposium myself, and I should also like Mr. Collyer 
to attend. 


Agth/sieust 1964 


2 Division 


fp — taken te dlejtuse 
wil, Gavvard 20.2. 64 oy) 


CONFIDENTIAL Falaury 


Proposed Symposium on Nuclear Weapon Effects, with particular 
reference to the effects of Blectro-magnetic Pulse on Civil 
Defence interests, including Communications and Power 


(To be sponsored by Ministry of Aviation, and held at the Home Office.) 


TENTATIVE AGENDA 


4. Introduction 
lir. Sargeaunt and Group Captain Chettle 40 minutes 


~e 


2. Effects 


(a) Blast 50 minutes 
(») Thermal Radiation 
(c) Nuclear Radiation 


(a) (3 Eu. Pulse 
(ii) Induced currents and voltages 


(e) Synthesis 


3e Target Response | 2 minutes 


(a) Blast | 
(2) Yhermal Radiation 

(c) Nuclear Radiation 

(a) E.M. Pulse 


Relevance to Civil Defence 


General Discussion 


2 hr. 30 mins. | 2 hr. 15 mins. 


(See attached Notes on Agenda. ) 


CONFIDENTIAL 


NOTES ON TENTATIVE AGENDA 


Introduction and pursese of Syeposiug 


(a) Bisst Bffeots 


Besentially the phenomena associated with blast 
wave in air. Ground reflection, mach stem and prow 
cursor effects only significant for esse of items on 
or neer ground. Detail therefore required on over 
pressure, dynnmic pressure an@ wind velocities, as 
modified by yield and altitude. The effects up to 
10-20 peseie only need be covered. 


(>) E t: hi 


The nature of the thernal pulse in duration and 
intensity and veriation of these with yield and height 
of burst. Attenuation of theraal pulse by atmosphere 
and the effects of netecrological conditions. 
Reflections from ground or cloud layers, or both. 
Therael energy = disteace relationship at low end high 
altitudes. Brief deseription of X-rays, Therss] ganna 
an@ energy deposition in the atmosphere. 


Thernal weapon threat. 


(ce) Muclear Re@ietion Effects 


The nuclear radiations produced by a boxb and the 
tine history of their arrival at any pertioular point. 


Acoumulated doses of each type in relation to tine. 

—aoné _hance target motion, heizht-ete, The time periods 
of interest lie between « fraction of a sicroseoond and 
one minute, thus covering rate effects which affect such 


things as electronics and total dose effects which 
Py; =a _ affect such things as people ang photographic sateriale. rp 


(a)(i) Electromagnetic Pulse 415 minutes 


The origin of the B.u. Pulse and theoretical 
model. Wave form and energy of magnetic and 
electric pulses. Nature of electric field 
inside and outside the "ionised sphere". 
Energy - distance relationships and their 
modification by yield and altitude. 


(44) Currents and Voltages induced by E.M. Pulse 
in systems. 


(c) Synthesis of Effects 


Comparative ranges of various effects. Damage - 
distance relationships and the effect of modification 
by yield, altitude and atmospheric conditions on 
estisation of the critical hazard. 


(s) Blast 


Vulnerability of communications equipsent and 
systems to blast. Similarly for power generation 
and distribution. 


(») Theresl Radiation 


Vulnerability of communications equiprent and 
systenas to thorsal radiation. Sinilarly for power 
generation and distribution. 


(ce) Nuclear Radiation 


Vulnerability of consunications equipment and 
systens to nuclear radiation. Similerly for power 
generation and distribution. 


(a) 
CONFIDENTIAL 


few 


5s 


QANwMeenTiAL 


Estinate of Time 


(@) Eels Pulse 10 minutes 


Vulnerability of commalestions equipsent and 
systems to E.!. pulse. Similarly for power generation 
and distribution. . 


Relevance to Civil Defence 


C.S.A. Home Office will indiesate the relevance of the 
Esl, Pulse dats to the interests of Civil Departuents, and 
instance any aspects of particular isportence. This can be 
in the nature of an introduction to the final item. 


Seneral Discussion 
A @isoussion on the extent to which Civil Departacnts 


@an, or should, incorporate mousures to protect from ©.¥. 
Pulse. 


Cx ani Genk ts Su load fey Ke, Woes 


Mr. Firth 

A.6 Division 
Mr. R. L. Jones 
A.2 Division 


Blectrig-sage ffeo' 


te are trying to arrange a half-day Synposiun, 
possibly in October, where the Ministry of Aviation will 
disouss weapon effects on communications and power 
Supplies, with the x myhesis on the electro-nagnetia 
effect. 


© purpose is to keep Communications Branch, the 
GeP.0. and Uinistry of Power interests informed. 


I gather that J 
wish to attend, so 
to cone, 


tion want @ list of those who may 
14 you let se know if you expect 
and if there is anyone else you wish to suggest? 
@ will, of course, let you have more details of date, 


e@tce, a8 s00n os we have them, The necting is likely to 
be in Horseferry liouse. 


ey | 
g Rd 


48th August, 196). 


Scientific Adviser's 
Branch. 


Mr. Firth A.6 Division 


Mr. Re L. Jones A.2 Division 


Blectric-n: ‘ic E 3 


We are trying to arrange e half-day Symposium, 
possibly in October, where the Ministry of Aviation will 
discuss weapon effects on commmications and power 
a with the main emphasis on the electro-nzgnetic 
effect. 


The purpose is to keep Communications Brench, the 
» and Ministry of Power interests informed. 


I gather that Aviation want a list of those who may 
wish to attend, so would you let me know if you expect 
to cone, and if there is anyone else you wish to suggest?! 
We will, of course, let you have more details of date, 
etoe, a3 soon as we have them. The meeting is likely to 
be in lorseferry louse. 


18th August, 1964. 


Seientific Adviser's 
Branch. 


Mr. Ae Re D. Murray 
Ministry of Power 


We are trying to arrange a half-day Symposium for 
some time in October, at which experts from the Ministry 
of Aviation will disouss nuclear weapon effects, with 
special reference to the effects of the electro-magnetic 
pulse on the interests of Civil Departments, notably 
communications and power. 


This reslly carries a stage further the meeting in 
March 1962, when we arranged with Mr. Stuart for a 
scientist from Aviation to discuss B.M, effects with a 
group inoluding Engineers from Electricity Generating 
Boards. 


Aviation want a list of those who would attend the 
Symposium, so would you please let me know any names 
you wish to be included. 


I will, of course, let you have more details as 
soon as they are available. The meeting is likely to 
be in this building. 


Fu faveu 


418th August, 196). 


Scientific Adviser's 

Branch 
Home Office 
Horseferry House 
Dean Ryle Street 
S.Wete 


COMMUNICATIONS BRANCH 
HOME OFFICE 
Whitehall, Lonpon S.W.1 
Telephone: wutehall 8100, ext. 4 


Our reference: COM/ 6h, 74/e/1 { Zaugust 196), 


Your reference: 
Dear Pavry, 


Electro-magnetic effects 


I passed the proposal in your note of 2nd July, 196), 
reference SAN 19/7/1 to Ford and now have the names of the 
people who would wish to be at the Seminar, They are:- 


K. H. Ford Principal ITD 


T. Kilvington Radio Planning and Provision 
Steff Engineer Branch 


R. H. Franklin Ly 
Staff Engineer 


Our Branch would be represented by Morley, Watson, 
Glaysher and myself. 


I gather Ministry of Defence has raised the question 
of co-ordination with the Cabinet Office, but I've no idea 
how the matter goes. 


Yours sincerely, 


f 


As. Taher ox Lite helo ng ‘caneeh te Annter tine 
wy Ame {pp pee 
Scientific Advisers' Branch posh ¥ Kew, fc 


Horseferry House 
Dean Ryle Street ) 


F. H. Pavry Esq. 


5.W.1 


Biecekions 

Ss 
SECRET: 
Whitehall, Lonpon S.W.1 


Telegrams: Monebis Parl London 
Telephone: wuttehall 8100, ext. 592 


6.34 


3 G : SECRET 
Copy to N.H./Slgood, Esq. 


Peery SECRET 


30th July, 1964 


Bear Foden, 


ffects of Nuclear 


€2: 
stoms 


A Thank you for your letter of 2hth duly, referenc 
D/DS8/422/3(AS(T)). I have spoken to Gen, 

your proposal, and in his view the most appro 

for a discussion on the co-ordination of depa: 

in this field would be the Electronic Warfare 


memorandum on the study which the Ministry of Defence 
propose to initiate in due form for circulation to the 
Electronic Warfare Sub-Committee, for which we require 35 
copies, 


I should therefore be glad to have from you « 


On the first paragraph of your letter, I gather that 
although the Home Office and Post Office have been discuss= 
ing this matter, they have not in fact reached the sStaze 
of preparing a memorandum for the €,.C.C., but I believe 
that the Ministry of Aviation may also have an intérest in 
this matter, ? 


As thers might be a meeting of the Electronic Warfare 
Sub-Committee during August, it would be helpful if we 
might heve your memorandum as soon as possible, 


I am sending copies of this Retter to Elgcod (Home 
Office), Mumford (Fost Office) and Tyndall (Ministry of 
Aviation). 


Yours sincerely, 


Air Cdre, A. Foden, 
Ministry of Defence, 
Mein Building, 
Whitehall, SeWete 


SECRET 


WwWLC/u( 64) 1 


xx/331/02 


Mr, L. T, D, Williams 


Mr. J. K. L. Thompson 
Car. P. B. Grotrian 
Mr. J. H. Williams 
Col. R. Bellingham Smith 
Mr, J. W. Gibson 
Gp. Capt. A. J. Peart 
Col, T. W. Armour 

re D, Starkey 

ss V. A, Davies 
Mr. F. EB, J, Girling 
Mr. 3. ee Drake Seager 
Mr. S. D, Abercrombie 
Col. H. W. Whitcher 
Mr, S. A, Hunwicks 
Gp. Capt. P. F. Chettle 
Mrs. M. B. Wilkie 


The following 


Mr. P. J. Atkins 

Mr. J. C. Litton 
. PF. He ry 

Mr. D. J. rard 


Apologies for absen 


Mr. D. C, Fakley 
Mr. D. H, Chaddock 
. G J. Laing 
Mr. G. R. Stanbury 
Mr, J. D. Davies 


feeting held on Tussday, 


30th June, 1964 


98, St, Giles Court, W7.C.2 


Branch or Post Representing 


D.G.Awd. In the Chair 
D.Sc.3 for Mr. Fakley 
D.G.ii ia 
D.N.P.R, 
M.G.0, Nuclear 
Ug Divn./0. B. 
D.D.O.R.10 (R.A.F.) 
) for Dr.Errington 


. for Mr. Bisby 


Sub.Cp,. N. 


Panel Ni 
M.O.A, 


Ordnance Board 
Home Office 
M.O.A. 


tem 1, Minutes of the last meeting 


Te, The minutes of the las 


tters _erising 
23 et ng_16-1 


Items 4 "ar 3c 


5 Action 16-3. Mr. Gibson said that the 
necessity; 
ing had been prepared and were now under consideration by 


noted. This must, 
last Sub-Group N mo 


the U.S. and Canadian members 
question of these minutes be 


| 16-2. 
the | the Agenda, respectively 


+ meeting were accepted without amendment, 


Consideration of these actions was deferred 
Committee's directive had been 
be a continuing action. Draft minutes of the 


fore final publicat He ae + the 
available to A, B. C. A. Standardization 
St 


Group had not yet arisen, but agreed that it was unlikely that Sach a reque 


could be granted. 


416-6 were noted as having been completed. 


arrard said that the original directive had been 
contract had now been sade throu; Ane bE. /Heapons 
with Standard Te ommunication Laboratories, who were 
g up a programme of work eting wi inte ed reenod 
ass on information T scont JOWOG- isit to U.S. 


3. Tripartite Technical Co-operation Prog: 
6. Mr. Gibson said that the 
already bec been dist cae based by the Cor ted t 
October 1hth~ ec nel eting in September, both taking 
place in ee “Panel 2, most ne wi y personnel were in Suffield for the 
current trial, planned to have a m ing there following the 500-ton explosion. 
1 N35 had held its first meeting in U.S. in April, and deteils of this and 
re mectings would be given by Mr. Drake Seager. It was planned to review 
reports from the Panel Leaders in September, as a preparatory briefing for the 
October mecting, and, among other subjects, the U.K. views on the future use 
of the Suffield site should be defined by this time. 


port from Panel M1 . 


er referred to the last Panel N1 meeting in October 1963 and 

lties in implementing actions arose from the delay in issuing 
Minutes, since these were in effect the authority required for any action. In 
this case the U.S. were responsible for the issue of minutes. The Panel noted 
and decided to support the U.K. work on biological effects of nuclear radiation, 
This included neutron effects on large animals, which was procevding, but for 
which firm results were awaited before publication, and the effects of low 
gamma dose rates upon rats. using food consumption as indicator of the 
effect, a definite res onse r./nr had been ostablished, with uncer 
results as yet at lower dos The current Services trials of the U.K. 
chemical protectiv rment wero noted, and it would be compared with the 

‘icacy of tho Ca: nm Nimbus cloth, when the final report on the latter 

was received. The r radiac instrumentation in toe ficld had been queried 
by the Panel, but the logical step of representing this view at the next 
Quadripartite SERRE EN Group mc ng could not be taken in the absence 
of the minutes, The Q i Group had already fixed the standards for 
ater potability so + 2 was no need for the Panel to consider this 
question further. In Coren ion, Col, Whitcher referred to the Sufficld trial 
and said it was hoped that this would »roduce more information on blast 
effects on large animals, 


8, Mr. Gibson said that the 17.7.C.P, procedure was for mectings to be held 
in rotation in the three participating countries with the host country 
providing +. Secretary. In the case of 4 Sub-Group meetings, issue of the 
Hoes thinw is the responsibility of tho Executive member, For panel 
tings it Pee besn proposed that the host comtry should provide the Chairman 
“yell as otary, and, if this was agreed, it seemed reasonable that 
ad also issue the minutes. Col. hitcher agreed with this, 
1 Ni draft minutes in this case had been prepared by 
+ for the U.S. to issue, as this was considered a function of 
tings. Mr. Gibson said that the 
ip with reference 
as not clecr to him. He proposed to follow the procedure 
r Sub-Groups, of collecting reports from the Panels and drawing 
up an agenda for tho full Sub-Group meeting from their recommendations. 
2 Chairman said that this pattern seomed sensible. Col, Whitcher said that 
the work os Panel Ni was further hampered by the lack of any clear authority to 
which by reason of its diversity req d the co-operation 
ifferent establishments, including the } C., Aldermaston and hospitals, 
id not »ropose increasing the formal mem ship of the Panel, since 


LH. 1V. 


Tel. No.: 


Extn. 238 


Your Ref, 


Huseum 364) ; MINISTRY OF AVIATION 
Room 840, 


St. Giles Court, 
1-13 St. Giles High Street, 


Any communication on the subject of this LONDON, /.0.2. 
letter should be addressed to: 
THE SECRETARY 
- 
and the following reference quoted: Tth August, 1964. 


Y/337/02 


Y) 


Dear Ur fav 


Nuclear Yeapons Lethality Committee 


It has been pointed out that en error has arisen in’ the mimites of 
the 17th meeting. This should be corrected as follows:— 


P.3. para. 10. lines 8-11, Delete sentence: 
"It had been held ..se.e+02 JOMOG—19" 
Replace by:— 


"The mass fire problem resulting from a burst of large yield 
at high altitude was included in the Panel N3. field, but it 
had been held that the response of weapons systems to high 
thermal fluxes was of higher security than allowed for on 
Panel N3 discussions, and wes therefore more properly to be 
considered by JOWOG-19," 


This amendment resolves the discrepancy between the minutes and the 
statements made in Mr. Drake Seager's paper NWILC/P(64)3, 


Yours sincerely, 


M.i. (VILKIE 
Secretary, Nuclear Weapons 
Lethality Committee 


Distribution:— 


Membership of N./.L.C. 


changing emphasis i i personnel 
which could be mo: c 8 Chairman 
considered that + tion of the Sub- Eoaoup aie if nece: 

“Washington deputic ld be drawm to these difficulties, resu 

delay in issuing minutes, 


Item 3(b). Report from Panel N2 


oe Ir. Gibson said that this must be confined to noting the current trial 
at Suffield with, of course, Panel N2 personnel Beni on the site. panel 
meeting would be convened after the explosion, and the Committee conte look 
forward to some roport on tho trial at its next mo 

said that he had visited Suffield earlier this year and 

going well, and a goneral expectation that the proposed date, now July 16th, 
would be met. 


Item 3(¢). Report from Panel N3 


10.-- Mr. Drake Seagor referred the mesting to the waLe/P(64) 35 
containing a report of the first meoting of Panel N3 and surveys of thermal 
radiation and firo research work in the U.K. and Canada, and a list of U 
organisations engaged in this field, Thermal radiation problems of interest 
to all three countries had been defined, and these included the characteristics 
of the thermal pulse, with modifications due to yield, height of burst and 
attenuation, the ignition characteristics of materials, and thence to oblems 
of the spread of fires, espocially in urban areas. [-d+-had bo n_held—thet—the 

See RV Si6masa_fino-peoblon_resulting from burst of terge—yreidst_high sliitude—wes 
of highsr ss i+37—than_allowed—fer—on—Panel AZ—d+-scussions ant was therefore 

2 e-considered—byJOROG=19,] Mart, however, from this security 

reservation, the allocation of effects on personnel to Panel hifted tho 
emphasis of interest in Panel N3 to large weapons and Civil defences counter 
measures, Ha considered that the U.K. had a d deal to offer in this field, 
being in some ways bettor organised than cither the U.S. or Canada. For 
example, the U.S. had no Organi saetor specifically concerned with urban fires, 
the responsible body being the U.S. Forestry Commission, whi “could not be 
regarded as >arallel to the Joint Fire Research Or, m in this country. 
Canada found hor efforts embarrassed by provincial autonomy, and co-operation 
o state fire chicfs not satisfactory. It had been noted thay there was 

little university work on fire research in any of thc three countries, 

Rogatding exchange of personnel, it was considered that cing visits of 

2=3 months would be more valuable than short visits. Chairman said that 

such exchanges wore a declared T.1.C.P. objective, but t 

money for them caused difficulty in all three countrics. 

office of the Chief Scientific Adviser in M.0.D, should be sought. 

Mir. Drake Seager said it had be.n agreed to hold a symposium.on thermal radiation 

problems in the U.K, this autumn, This would now be 5th-9th October at the 

Fire Services College, followed by a panel meeting in London on the 12th October 

to precede tho Sub-Group meeting, The Pancl hoped soon to produce bibliographies 

covering the work done in its field, one to be uncla ssified and the other up 

to the p:rmitted SECRET security levol. 


aides The Chair thanked Mr. Drake Seager for an cncouraging account of the 
Panel's work, and noted the Torms of Reference at Annexure B, in particular 

the exclusion of biomedical effects, Some discussion followed on the difficulty 
of ‘accommodating problems of burns and flash blindness between Panels Ni and N53, 
and Col, itcher said that these wore a medical and inter-service problem, not 
specifica pon effects. Col, Bolling! Smith said there must be 
concern for troops, and consideration given to t soldier in a burning truck 
or with ignited cloth . Personnel in other services t also be subject to 
such hazards. . Garrard drew attention to other j omissions from the 
Panel N3 field such as rerait, re-entry vehicles apons systems, and in 
particular the U.S. reticence on weapons systom cur: grounds 

Mr. Drake Seager thought the last point could be discussed I 

and also suggested that the M.O.A, "Damage Manual" could be m 


SECRET 


SECRET 
-ke 


Canada, to which Mr. Garrard agreed. In zeply to the elie ae he said that 
underwriters conesrned with fire insurance were members of National Fire Action 
Protection Association, The Chairman asked Mr. Drake Sea Colonel 


Col. ihitcher to discuss the areas of interest of their respecti Whi tcher 
panels and agree on + delineation between them. Mr, Drake 


Seager 
Item 3(d). Future use of Suffield Experimental Station 


Ty Mr, Gibson referred + r aid he wished to thank 

the Secretary for prepari 3 ne of sure on Mr. Lai 

represented the initial roap to Mr. Tongete S request at the 

Group N mocting. Ho thought tho paper gave a fairly clear summary of the 

position, though details must of nocessity be vague. It could be expressed 

briofly as a continui dimi: hed requirement, using Suffield for less 

frequent but larger ings i cks said that questions of 

funding must also be involved, and Mr. Gibson said that this also 

the Canadians, He understood that the U.S. were carrying out quite a large 
programme of H.E, firings in Nevada, independently of Suffield. The Chairman 

said that the paper, subject to revision by tho Committee, could be 

used to express their viows to the Chief Scientist M,0.D, (Army), so that 

he ld instruct the U.K. leader for Sub-Group N for its meeting, 

seid that the heading shuld be amended for this >urpose. 

said that para. 6, p.3, overstatod the case for A.W.R.., and wish 

amend "would be interested ,.." to "might be interested ...", He also 

thought that the reference to WOPS 100 at the end of the paper should be 

amonded, Tho Chairman accepted these amendments, and the Committee agreed Action 
to the subsequent use cf the per as an expression of their views. Secretary 


‘ 
Ttiom 4. Nuclear iicapon Radiation Effects on Blectronics 


Itom 4(a), JOWOG-6 Visit to U.S.A. 


aBia Mr, Garrard passed round copies of a paper giving an outline 
EEN) showing establishments visited and subjects discussed. 

establishments included Northrop Ventura, General cee Bocing Aerospace 
eat Sandia Corporation and Harry Diamond Laboratories. A wide rang 
of subjects within the field of nucl radiation effects was discussed. 
The knowledge of effects on micro-miniature circuits, in ich the CSTR URES 
had now interested itself, red to be ee a eoreee vend 
in the U.S., 
Some phenomena 2 od t aa Tage” circuits had neen noted, 
More attention 7 y photo-current effect on 
transistors, first made euigent at imal Boy," in which release of carriers 
by the prompt pulse completely altered the reactio x ponent to 
subsequent pulses, Thore was an increasing awaren ie azards to 
missile systems, some at quite small radiation levels, but the U.S. security 
screen on missile systems, as such, was a barrier to comprehensive information, 
Mr. Gar: d noted U.5. concurn in the following specific fieldss- 


a) Guidance computors can actually be stopped by a low dose (i.e. long 
range effect) of radiation, thereby aborting the mission. 


>) Tho X-ray pulse from a burst at high altitude represents up to 80% 
of the energy yield. The ORE. Key tail of this ‘thermal gamma 
pulse could be a threat to thin-skinned vehicles, It is considered 
that this problem can bo overcome but must, nevertheless, be kept 
in mind, 

c) Fundamental ri on response of 

Sonsitive to security barvicrs, 

analysis cf radiation enviro 

hazards to components and circuits. 
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an account of the Symposium on @.M,P. 
at Bodford, v t is w held 22nd-26th May, and was th 
concurrent ad through JOYOC-6. 
Discussions covered + er enalysis of the "Small 
. Abercrombie no t THe had resulted-in closer e 
and U.&. on their interpretation. A summary of the U.K, work 
field was 1 ffocts of the nuclear radiations, in particular of the 
secondary mn it from the neutron pulse, on the form of the electro- 
There was a session on shielding devices, 
nd account of simulation work at A.F.W.L. 
an elaborate tapered structurc, 30 fect in width, 
which produces a velli ave, and a trailer which carrics a Marx ¢ nerator, 
consisting of 5 un woducing 2 volts, which cen be used in various 
combinations. The obl ems of missiles in flight wero examined, but U.K. 
bors were exclu from discussions of missile systems for reasons of security. 
15, ° Mr. Aborcrombig also reported on tho JOWOC-2), meeting in the U.K, from 
23rd-25th June, 1964, which also dealt with the E There was an 
exchange of data, and both U.S. and U.K. are pz ing ies of the 
information so far established. The interpretation of the "Small Boy" results 
is continuing, but is hampered at 4.7.2.EB. by lack of st The in effort 
s being concontrated on the formulation of a satisfactory "close-in" theory, 
ince phenomena within the ionised sphere are imperfectly understood, Thore 
.J.R, 2. experiuents at Suffield to record the B.M, offects, at 30 fect above 
and below ground, the fireball expansion and the distortion of tho arth's 
ficld. There is current U.S. work on underground shots in Nevada, A technique 
for containing the burst had boen satisfactorily developed, but olectro-ma agne tic 
effects wore distorted by the conditions 


are 


16, ho Chairman asked if electro-magnetic effects were rogardcd as 
hazard un onal conditions, end Mr, Garrard said that ae was th 
U.S. opinion, It was apparent that tho problem depended upon Lae 


particular equipm with the U.S, reticones on m 
information aveilabl incomplete. 


Gp. Capt. - Chettle referred to Aetion 16-1, requiring tho formation of a 

, Sanel to co-ordinate kmowledge of this hazard. He found that, in effect, 
this already existed in the B.M, Plash Panel of the Committee, which had itseli 
boon unable to proceed to the »roduction of a guide for designers and producers. 
He had found considerable ignorance of the =roblem a ere viho were rot 
convinced of its in e. Designers had noted Pfc t, but believed other 
hazards to bo of gro r importance, He proposed to ar: ane 
those responsible for operational requirements in specific f: 
team of experts, effectively t Flash Pancl. Ho hoped 
identify specific problems, in each field in which thoy existed. 
started action to bring abuut the first of theso sl oninars 
convenience would be with M.0O.D. qd 
staffs. If this was successful tho discussions would be repeated 
bodies. iv, Pavry said that he would like to be kept informed so 


Departments could take advantage of these arrangements. 


18, Mr. Thompson said that the Ministry of Defence 
from Bomber Comiand, to assess tho danger to communications arising from 
This problem had bean reforred to A.7.2.0, Ty 83: a that 
wore invo ad in t } and there wore also Civil Defence 
telecommaunications as Ho had been informed by the G.P.0. that M 
Bhai was need for action. It seomed that this had now been obtsined 
io said i ced currents in underground cables and land-lines must 
1, along the powr ply eng. Ae ioe qunications involved. 
There had en 2 es at Alderm ate) i phone Co, to correlate 
effects wi rom 1 y. They would eee an answer related to 
the estimated ficla strength, The irman said that ho x 1 to note 


there was now a specific problem on 1 a oe ee pt. Chettle 


to k touch with this work, } 


contributing to this problem showed the difficulty for those concerned 
with weanons systems. Operational requirements could only refer in 
vague terms to the hazard, and Gp. Capt. Peart agreed that this was what 
had happened at the Air Ministre 


Ttom 4(o). B.M.I. Roport of Fuze Bxperiments at D.O.R.F. 


19. Gp, Capt. Chettlo said that a meeting chaired by D.S.R «(L) had 
considered th: this report, and agreed that the results should have a wider 
distribution than that made so far. R.R.E, had agreed to prepare an 
abstract to summarise ths knowledge gained at these tests. Mr. Girling 
said that the establishment of mislriggering and permanent demago levols 
with respect to the reactor pulse did not necessarily establish whore these 
levels cam in a bomb environment, He recognised two sources of error in 
attempting translation of results in terms of a reactor environment to those 
of a bomb environment. It would be possible eithor to proceed beyond the 
limits justified by the data, or by keeping within the established limits, 
to produce an interpretation too vague to be of use, The mistriggering 
mechanism, “ifferent for each fuze, also appeared to differ for the two 
types of environment, Ho was at present unsure of the valuc of the paper 
that could be extracted from thess results. Mr. ard welcomed this ¢ 
analysis and agreed to discuss the results further with Mr. Girling. 


Itom 5. N.A.1.0. Symposium on Effects of Nuclear Weapons on Underground 


“Structures 


20, ‘The Chairman said that he must omit this item from the Agenda in view 
of the ti takon over the foregoing discussions, and apologized to those 
interested, 


Item 6, Any other business 


Item 6(a) Paper WiLC/P(64)4 


21. ‘The Scorstary announced the distribution of Paper NWLC/P(64)4 to U.S. 

and Canadian recipients of 4 Plans Note 45, which was the primary reason 

for its production, in response to their request at the lest Sub-Group N 

mecting. It had also beon made available to Committee members, Miss Davics 

asked why, if "DISCREOT" material had deon made available to Canada, as in 

this case, some reports in this category had vein omitted. Tho Secrotary 

replied that this had be n agrood betweon the originator and T.I.L., who 

had propared this bibliography. The C n said that it seemed to be a ACTION 
very good piece of work, and asked the Secrotary to oxpress the Committee's Secretary 
appreciation. 


Item 6(b . Reports on "Buffalo" and "Antler" trials 


22, Mr, Drake Seager said that he would like to have the Committee's 

opinion on the dosirability of comploting the publication of the reports 

from those trials. There were about 6 (of 40) outstanding, and these wore 
unlikely to be printed unless tho Committce asked for them, since Technical 
Services at A. ~5. regarded other w as more pressing. The Chairmen 

said that he had »reviously observed with concern that 4.W7.R.B. apparently 

face difficulties in »roducing reports in times comparable with other 
Establishments and that delays of some years aftor the carrying out of the 
rolovant experiments wore not unknown. In the cases mentioned by 

Mr. Drake Seager, the eriments had ben carried out moro than six years 
previously. Ho thought it would be most unfortunate if Dey partments were to be 
deprived of even a pert of tho informa ation derived from those trials, which 

had cost so much in mone. ey and offort to mount, and he said that the 

appropriate’ Division of 4.7.R.B, should be asked to expedite the publication ACTION 
of these missing reports. MR. 
om 7. Date of noxt mooting 


This was left open, to be notified at some future time. 
EBCRET 
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Action 17-1 
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on the 
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Tel : Avmin, London, Telex. 
Aske ondon, Telex. MINISTRY OF AVIATION, 


Telephone: Museum 3644, Room 840, 
Ext one QIBx. 


ST. GILES COURT, 
Your Reference... SAN..29/7/. : 


1-13 ST. GILES HIGH STREET, 


Our Reference. i? LONDON, W.C.2. 


ou, July, 196}. 


Dear Mr. Pavry, 


I write in reply to your letter of 2nd July, to Mr. Garrard, referring to the 
E.M.P, aspect of the Seminar to be arranged by Group Captain Chettle. I enclose 
a‘ Tentative Agenda’ for this, which you will see,is headed " - with particular 
reference to Air Force Equipment and Installation." 


This meeting is expected to cover all effects, including E.U.P., with special 
reference to Air Force problems. It is proposed that further Seminars of this 
type should be arranged to meet the specific interests of other Service Departments. 
You are therefore invited to rough out a similar tentative agenda covering Home 
Office and Civil Defence problems in the same way, and to include names of persons 
whom you would wish to attend, as you have done with Mr. Hurst. 


It is anticipated that such a Seminar to meet your requirements could be held 
at the Home Office. You will see that no date has yet been fixed for the Air 
Ministry meeting, but this should take place during the last two weeks of September. 
You may therefore assume that some time in October could be arranged for the Home 
Office meeting. 


Please let me know if I can be of any assistance to you with these arrangements. 


Yours sincerely, 


dar Porek” With gS 


M. E. WILKIE 
Secretary, Nuclear Weapons Lethality Committee. 


Mr. F. H. Pavry, 
Home Office, 
Scientific Advisers Branch, 
Horseferry House, 
Dean Ryle Street, 
S.W.1. 


Covering CONFIDENTIAL 


Proposed Symposium at M.0.D.(Air Ministry) on 
INTERPRETATION OF NUCLEAR WEAPON EFFECTS with 


particular reference to Air Force Equipment 
Installation 


Purpose of meeting. Introduction by Group Captain P.M.Chettle. 
Effects 

(a) Blast 

(>) Thermal Radiation 

(c) Nuclear Radiation 

(a)(i) B.M.Pulse 


(4i) Currents and Voltages 
derived in systems 


(e) Synthesis 


Target Response. 
(a) Thermal and Blast 
(>) System Effects 


(c) Bio medioal. 


Application of Work on Nuclear Weapons Effects. 


(a) Relevance to the work of the Air Force Department 
on behalf of D.C.A.S, 


(b) Exp sting Studies - (Staff of) Se.2.Air Min. 
— 


=F 
Terms of Operational Requirements (Staff of) Oper.Reqmts. Air Min. 


z 


NOTES ON TENTATIVE AGENDA Estimate of Time 


ITEM 1. — Group Captain Chettle. 
Introduction and purpose of symposium 5 minutes. 


Ivey 2. - (a) Blast Effects 10 minutes 


Essentially the phenomena associated with the blast wave in air. 
Ground reflection, mach stem and precursor effects only significant for 
case of items on or near ground. Detail therefore required on over 
pressure, dynamic pressure and wind velocities, as modified by yiela and 
altitude. The effects up to 10-20 p.s.i. only need be covered. 


(>) Thermal 
-2- 


CONFIDENTIAL 


Estimate of Time 


Indication of protective measures likely to be effective. 
(c) Biomedical Effects 10 minutes 
Hazards to personnel onthe ground and in aircraft from combined 


effects. Assessment of critical hazard to man in operational situations. 
Indication of protective measures likely to be effective. 


(2) Relevance to work of Air Force Department 10 minutes 


The senior representative of the Air Staff present will show the 
relevance of these studies to the task of the R.A.F. and instance any 
particular areas of concern to the Staff. 


(>) Existing assessments of hazards 10 mimutes 


This item is included to show the results of work already completed 
in this field, so that a better estimate of the effort required and the 
method of attack can be made. 


pau a} 
Terms ot Operational Requirements 30 minutes 
This is envisaged as a discussion on the extent to which protection 


against the hazards, as assessed above, can and should be specified in 
operational requirements. 


-3- 
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5H 
AN 49/7/4 
Qnd July, 196k. 


Dear Derrick, 


I enclose a copy of a note I have sent to 
Te Sargeaunt about the proposed Seminar. 


When you come to the stage of issuing invitations 
would you let me know? 


I was with my collengue on the Nato ad hoc Group 
on the day following your meeting. While discussing 
the Paris Symposium - which he missed < P. came up, 
and so I told him of the proposed Seminar. He was very 
interested, so I said I would ask you to put him on any 
list you may be prepa-ring. He is:- C. E. C. Hurst, 
Senior Electrical 2 Mechanical Engineer, 

DW. 5 Section (Polaris) 
ine of Public Building and Works 
Rms 1644 Empress State Building 
Lillie Rde, S.We66 


Yours sincerely, 
Fa favey 
D. J. Garrard, Baqe 


AWWeDe 
Mine of Aviation 
Ste Giles Court 


( Cony Stuk t Mrtlerst’) 


Gepigsenbvo Sci valle Noten 


SAN 49/7/1 2) 
of 


Electro-magnetic Effects 


Mr. Sergeant Dereussed 


c 


At a meeting of the Nuclear Weapons Lethality 
Committee on June 30th, this subject was discussed, 
following a statement by Mr. Garrard on his recent visit 
to America. Group Captain Chettle, A.D./A.W.D.2, said 
he proposes to organise a Seminar at which designers and 
users of equipment could discuss their problems with the 
experts in the E.M. effects, 


I requested that the Home Office Communications 
Branch and the G.P.0. should be included in the list of 
invitations, and this was agreed by the Chairman, 

Mr. Le T. Be Williams. 


This would seem to be the best way of getting the 
information to the people who need it, and I will keep 
in touch with Mr. Garrard about attendance. (We shall 
also include Power interests.) 


I would expect that the proposed Seminar, if it is 
to take place reasonably soon, could replace the discus- 
sion between Mr. Garrard, G.P.0. and Communications 
Branch that was proposed at the meeting in your room on 
April 16th. 


Fi favry 


2nd July, 1964. 


Scientific Adviser's 
Branch, 


Copies to Sir Walter Merton, Mr. Firth, 
Mr. Garrard , Mr. Brooker 


SAN 49/7/41 


MEe Sergosunt 
Ele tic Rtfects 


At a meeting of the Nuclear Weapons Lethality 
Committee on June 50th, this subject was discussed, 
following a statexent by Mr. Garrard on his recent visit 
to Amerlea. Group Captain Chettle, A.D./A.W.D.2, said 
he proposes to organise a Sewinar at which designers and 
users of equipment could discuss their problems with the 
experts in the E.M, effects. 


I requested that the ‘ome Office Communications 
Branch and the ¢.P.0. should be included in the list of 
invitations, and this was agreed by the Chairman, 

Mire Le Te B. Williams. 


This would seem to bs the best way of getting the 
information to the people who need it, and I will keep 
in touch with Ur. Garrard about attendance. (We shall 
also include Power interests.) 


I would expect that the proposed Seminar, if it is 
to take place reasonably soon, could replace the discus- 
sion between ‘irs Garrard, ¢.P.0. and Communications 
Branch that was proposed at the meeting in your goom on 
April 16th. 


2nd July, 196). 


Scientific Adviser's 
Branch. 


Copies to Sir Walter Merton, ur, Firth, 
ime Garrard , Mre Brooker 
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Perot Mn ol wee 


Telephone: wutteh xt, 332, 


1S. 6.64 
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Wore, Rock 2 fos *H 
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4 Inland Telecommunications 
Department 
Headquarters Building 
St. Martin’s-le-Grand 
LONDON EC1 


Telex: 21166 (PoHQ LDN) 
In any reply please quote: Telegrams: Gentel London ECL 
Your reference: COM64.71/4/1 Telephone: Headquarters 45047 


[2 tune, 1964. 


Dear Brooker, 


In my letter of the 8th May I mentioned that I would 
bring up the question of the effects of electro-magnetic 
flash upon electrical plant at the next meeting of 
Committee L and that I would let you kmow of any develop— 
ments. The meeting was held on June 4th and we had a 
fairly brief discussion on the subject. Col. Brandle, 
who was in the Chair, accepted the views which I expressed 
+o you in my letter of the 8th May and promised that the 
Ministry of Defence would initiate action, probably 
through CCC, to have this question looked at again, He 
did, however, quote from a report by Messrs, Abercrombie 
and Iston, of AYRE, which painted,a rather more reassur— 
ing picture than that given to +m by squadron—Leader 
Linthwaite of RAF Home Command. I have not got a copy 
of this report and I should be grateful for a sight of 
it if you can lay your hands on a copy in Home Office. 


I am copying this letter to Haworth of the Engineer- 
ing Department. 
Yours sincerely, 


(K. FORD) 


J. L. Brooker, Esq., 
Communications Branch, 
Home Office, 
Whitehall, 

LONDON, 3.W.1. 


CONFIDENTIA_ 


THE QUEEN’S UNIVERSITY OF BELFAST 


Proressor K. G, EMELEUS Sy DEPARTMENT OF PHYSICS, 


TELEPHONE: BELFAST 30111 ) QUEEN'S UNIVERSITY, 
BELFAST 7, 
NORTHERN IRELAND 


CONFIDENTIAL 6th June, 1964. 
tal od 
ya 


F. Hoe, Esq., 
Home-Office, 


Scientific Advisers Branch, 
Horseferry House, 

Dean Ryle Street, 

LONDON, S.W.4. 


Dear Mr. Pavry, 

Thank you very much for your letter of June th, which arrived 
this morning. It looks as if we cannot do anything but take more 
or less standard precautions for the present and I will advise our 
friends at Stormont to this effect. 


Thank you also for your personal message. I hope we may have 
a chance to show you our building some time in the future. 


Yours sincerely, 


Vylegece) 


4th June, 1964 
Dear Professor Enel eus, 


As Mr. Sargesunt is abroad, I an replying te your 
letter of May 23rd. 


We have been doing our best te get the kind of 
informat: you want, but have had only very limited success 
so far. We did manage to arrange for engincers from our 
Bowmunications Branch to attend a mecting in March, when some 
Americans specialising in the problem called at Aldermaston. 
The general impression conveyed was that devices that give 
good protection from lightning flashes should protect from 
electro-magnetic pulse, but the wave front of the pulse is much 
shane than that of the lightning flash; so care must be 
taken with transistors, and "protector blocks” need to be at 
closer intervals. There seems to be an obvious case for 
protectors that will reset themselves when they have been 
triggered, and for this reason neon lightning protectors were 
mentioned as being effective. The Americans at the meeting 
promised an unclaseified report on research to date, and if we 
Gan get hold of thie we will let you have a copy. 


We keep in close touch with the Ministry of Aviation 
representative on the Anglo-American research team, and have 
from time to time brought in communications and pover special- 
iste to ask the right questions. 


/ Te acoms cose 
Professor K. G. Bneleus, MA, PheDey SeeDey MRIA, 
Professor of Physica, 
Queen's University, 


"EDNFIDENTIAL 


It seems thet this is a most difficult field to 
cover so long as the test ban is in force. One thing we can 
be mre of is thet no effort or expense will be spared on 
the research, as it is of even more vital concern to the 
offensive side than it is to us. Our Communications Branch 
is now discussing with the Post Office the implications of the 
information available to date. If anything practical comes out 
ef this we will seo thet you hear of it. » 


It was a pleasure to meet you an’ your wife while we 
were stoying with Mies Herdman at Dunmurry. It was very 
kind of you to offer to show me the University, but I took 
you at your werd that you would not mind if I did net take 
advantage of the offer: the Northern Ireland weather held 
good for the whole of our satay, sc we made the moat of it 
seeing the country. 


Yours sincerely, 


Fu Sw ry 


THE QUEEN’S UNIVERSITY OF BELFAST 


Proressor K. G. EMELEUS DEPARTMENT OF PHYSICS, 
TsuerHios: BELFAST 30111 «i f QUEEN'S UNIVERSITY, 
= f BELFAST 7, 
NORTHERN IRELAND 


Secret 


23rd May, 1964. 


H. A. Sargeaunt, Esq., C.B., 0.B.H., B.A., 
Scientific Adviser's Branch, (ory 
Home Office, 


Horseferry House, 
Dean Ryle Street, 
London, S.W.1. 


Dear Sargeaunt, 


Some two years ago a little information was ci culated 
verbally about supposed effects of atomic bomb e plosions on 
transmission lines and telephone lines. It was not to the 
best of my recollection at all definite, and probably came 
from the United States. 


We have been able to trace nothing about it since. The 
g of what was mentioned was that large surge voltages 
might be induced on transmission lines which could produce 
serious effects not only close to the position of the bomb 
burst but also at distancesof very many miles (say 50). 
It was and is not clear to me whether these, surges were only 
on live power lines, or whether they also occurred on power 
lines which were not live at the time of the burst. 


Anything of this kind could be serious for us here for 
two reason first, it could put out of action transformers 
and switch ar, and, second, possibly even more important, 
surge voltag might be produced directly or by induction 
in telephone lines and put out of action vital telephone 
exchanges. 


If we knew whether all this is likely to be of significance 
we might, even at this sta be able to introduce ex 
protective devices or alter some of our telephone routing 
and communications, and we would be very grateful for any 
help that you can give us. 


p.t.o. 


or 


It would of course an 
to be available to at least Dennis an 
Stormont, and this letter is in fact 
request. 


With kind 


Yours sincere] 


HOME OFFICE 
Whitehall, Lonpon S.W.r 
Telegrams: Monebis Parl London 
Telephone: wuttehall 8100, ext. 33-2 
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Inland Telecommunications 
Department 

Headquarters Building 

St. Martin’s-le~-Grand 
LONDON EC1 


Telex: 21166 (PoHQ LDN) 
In any reply please quote: Telegrams: Gentel London EC1 
Your reference: Telephone: HEAdquarters 4S6G 


» bbuay, 1964 


Dear Brooker, 


Thank you for your letters of the 17th and 20th April on the question 
of possible damage to equipment resulting from electro magnetic flash and 
radiation, I was very interested in the information you provided and I 
have talked the matter over with Hill ana with senior members of the 
Engineering Department, It is our view that this matter goes well beyond 
Communication questions and that in fact we should expect some central 
body, such as the scientific staf? of the Ministry of Defence, to acquire 
the basic research information on the electro-magnetic and radiation effects 
of nuclear explosion on electrical plant of all types. We should expect 
that they would make this information generally available to Departments 
with defence interests with the request that those Departments used the 
information as the basis for further research on the plant for which they 
were specifically responsible. 0n this basis the Ministry of Power would 
consider the effects on generating stations and transmission lines and we 
should consider the effects upon communication equipment, But we do not 
feel that it is up to us in the Bos bQefice to undertake research in this 
matter without central Government¢? indeed I am advised by my engineering 
and scientific colleagues that we could not do research in this matter unless 
we were supplied with the basic data, 


The crux of the matter seems to be whether or not Ministry of Defence 
is taking an overall look at the problem, If they are not then I think we 
ought to stir them up and I propose to raise this matter at the meeting of 
Committee L of the Defence Signals Board on 4th June. I will let you know 
what their reactions are, 

I am copying this letter to Haworth of the Engineering Department, 


Yours sincerely, 


K tod 


(K. FORD) 


J. L. Brooker, Esq. 
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Copy for the information of, Mre Pavry If 
Seientific Advisers Branch, Horseferry House, 
LONDON. $, We4 


COM/6h 71 /a/1 


Dear Ford, 


Ee Elash 


You will remember I rang you on 25th March to teli 
you that the talk given the previous day by the Bell 
laboratory telephone man Jack Niddavgh wes most 
interesting, although he had excused himself that it had 
been bounced on him at very short notice and I Bayac ee 
you might get in touch with Pavry with a hope of seeing 
him before he returned to Paris. In the event I found 
when I returned from sick leave that this had not been 
possible. 


I had intended since the talk to put my notes in 
better order bu my copies of the dinerams and grephs 
(that Middaugh himself drew frechand) I find hardly 
merit fair copying; particularly as we were promised 
thet all this wes abort to be published as a paper and 
ARWE would arrange the proper distribution (It could be 
that soaething will appear in the Bell Journal). 


pee ae note as a result of a 
pn od Horsefer:y House where Garrard (Ministry 
) gave his account 26 the telk supplemented 
by some most useful backgro information. 


The general conclusion after ‘the discussion wes 
that rather than wait for this paper of Middaugh's to 


foe 


K, H. Ford Esq 
TpT.De (PB) we 
Ge PoO, 

LONDON BeCo4 


CONFIDENTIAL 


be published the G.P.0, should be invited to a siniler 
talk/discug: ion after Gerrard hed checked certain figures ‘ 

graphs end formulee with Abercromby of ARWE + Garrard had 

copied dom, (rather better than I), the information given 

but we cannot make sense of all of it. . Garrard thinks 

he can either get what he wants in a couple of days or he 

will have to wait till late May. Could you accept this 

#5 otivance notice of an invitation for say a fortnight's 

time or sonetine in June? 

I may not have this in very logical order but now to e 
give you my ides Middaugh's conclusion: lightning flashes 
of greater currents have been moasure?, but the wave front 
electromagnetic flash is such shorter than lightning 
therefore care must -be taken with transistors and "protector 
blocks" nood to be at closer intervals, Overall I formed 
the opinion that if action for protection was taken as in a 
high lightning area so long es proper regard to the sharp 
wave front was given this would be satisfactory. Uiddaugh 
had a good opinion of B.P.0. neon type lightning protectors. 


Finally we have it that there has been a change in 
your polioy on protection against lightning and would 
welcome an assurance that it does not lessen protection 
against this 2.M.Vlashy hazard. 


Sir Walter Nerton 
Ele ic Bffeots 


When I cane recently to disouss this problem with 
you I sald I would let you know when any new information 
came our way. 


We heard recently that representatives of the U.S. 
Sell Telephone Company were coming over for discussions 
at Aldernaston, so I arranged for Mrs Watson and 
Ure Brooker, both of Communications Branch, to join then 
in a meeting there, 


Mr. Watson and Mr. Brooker agreed to report to us, 
80 I have arranged a seeting at a time which I understand 
from Miss Hubbard suits you: 11 Gems on Thursday the 
46th April, 


I expect we will meet in Mr. Sargeaunt's room, and I 
hope that ur. Garrard, of the Ministry of Aviation, who 
is one of the experts in this field, will also be coming. 


I understand that we cannot expect to hear of any 
great advances as a result of the Aldermaston discussions, 
but the mesting on Thursday should be useful and 
interesting. 


Fifuey 


43th April, 1964. 
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Sir Walter Merton 
Electromagnetic Bffects 


Ur. Sargeaunt has asked me to reply to your mimite of Jenuary 28th. 


It is true that the electromagnetic pulse emitted at the explosion 
of a nuclear weapon ean adversely affect all kinds of commmications 
and power cireouits; and these adverse effects are not limited to the very~ 
high air bursts. 


The very-high bursts over the Pacific are described in Chapter < 
of "The £ffects of Nuclear Yeapons", and it will be seen that some long 
Yange redio ana radar systens were "blacked out’ for several hours. 
(These commmnications failures were openly discussed in scientific 
journals soon after the tests.) 


We have also had some details of the electromagnetic effects of 
ground and neareground bursts at the Nevada teat site; they tend to 
build up in en unpredictable manner, rather Like the effects of light~ 
ning; and where protection analagous to protection from lightning damage 
wes installed, it was to a large extent successful. 


The significance of the phenomena under discussion has been 
appreciated only during recent years, and an Angle~American research 
programme with a very high priority is in hand. We are fortunate in 
having close contect with a meuber of the British team, and we are kept 
inforsed of the state of the research from tine to tins. 


We have brought into the discussions the Communications Sranch, 
as well as power engineers through the Ministry of Powsr, to nake then 
aware of some of the probless. We also informed R.S.A‘s and R.S.T.0%s 
at the 1962 Conferences, with a lecture by the British research-tean 
meaber, in the case of the R.3.A"S. 


The position say be summarised by stating that there is certainly a 
risk to C.D. communications, but that there is not sufficient information 
available yet for the experts to say how great the risk is, or what con 
be done about it. 


However you can rest assured that no effort or cost will be spared 
in the attempt to get the necessary inforsation, since it is of vital 
importance to the whole field of active Defence and deterrents. 

(I believe I am right in thinking that this fact is considered to be 
elessified, end that is why I have ssrked this ainute "Confidential”.) 


Tf you would care to see the few technical papers we have on the 
subject, or would like to discuss it, will you please let ue know? 


Fulave 


Sth Februcry, 1964. 
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Mr. Sargeaunt 


I understand that there is a possibility that a 
high Nuclear explosion might, as a result of induction, 
put ell forms of commmnications landline, radio and 
W.T. out of action. I also understand that it is 
possible that it might put all power stations, not 
damaged by blast and fire, out of action by pining out 
generators. 


As this is alarming, I would be grateful for a 
very brief statement of the facts. 


28th January, 1964 ow ) 


(Eanes 


Copy to: Mr. Graham Harrison 
Mr. McConnell 


531 
San 19/7/4 


12th March, 1963. 


Dear Carrard, 


I rang a few days ago and heard that you are away 
for a few weeks. 


On your return, would you let me have any information 
about the expected visit of the man from Fell Telephones? 
During a recent talk with one of our Regional Wireless 
Engineers I heard that the C.E.C.B. establishnent at 


Leatherhead have been doing research on induced effécts 
from lightning flashes. I expect you know about this, but 
I felt I should pass on the statement, just in case it is 
of interest, 


Yours sincerely, 


FX dw “4 


D, J. Garrard, Esq. 
A.W. Plans, 

Ministry of Aviation 
St. Giles Court 
W.C.2, 


NOTE: This is summary of B. J. Stralser's Aeufxy / 222 / os 
YW report of 30 April 1961, "Electromagnetic ° 
Effects from Nuclear Tests", DASA-1226, ce 

E.G.G. report L-523 SDB DISCREET 00/05 
(68 pages), 


Some Observations of Electro Magnetic Flash Damage 
SECRET resulting from Nuclear Explosions 


The information presented below has seen acquired incidentally during 
nuclear weapon tests, when instrumentation has been des ed to record other 
effects, and is therefore mainly empirical. Awareness has nevertheless grown that 
electro-magnetic radiation can cause severe damage or operational disruption in 
all kinds of electrical systems. 


Electro-magnetic radiation from a weapon encompasses a very broad band of 
radio frequencies and can induce large voltages, and currents in conductors and 
circuits, even when they are remote from the explosion. Complex control circuits 
and communication and powor lines re>resent large antennae in which disturbing 
signals are induced by the radiation and are particularly vulnerable, and damage 
ean occur many miles from the explosion. 


The oxamples quoted here are limited to observations made by the personnel 
of Edgerton, Germeshausen and Grier during test series from 1951 to 1958. The 
charts summarize damage under the categories of 


1) Damage to Signals Systems 

2) Damage to Power Systems 

3) Damage to Systems using Barthing and Screening protection. 
4) Miscellaneous Damage. 


Examination of the data shows that while, in gonoral, damage increases with the 
yield of the device, and air and balloon shots are more damaging than tower or 
underground shots, it is not possible to correlate cffects directly with either 
yield, typo of device or height of burst. Morcover, while a typical pattorn of 
damage can be observed where extensive cable lines exist, so that probable sites 
of damage can be indicated, the induced voltages nevertheless tend to build up in 
an unpredictable manner, similar to a lightning strike. An example of this is the 
violent explosion at a conduit entrance 13 miles from G.Z. with no recorded 
damage to the intermediate signals system. 


As would be expected, the lighter conductors used in signals systems 
showed more serious damage than power lines, but the effect was transmitted to 
greater distances by the heavier cables, causing circuit breakers to trip at 
distances of over 30 miles from G.Z. Damago to equipment at intermediate stations 
could be catastrophic in cither case, 


A point not apparent from the damage summarics should be noted in respect 
of telephone communications. The contractors state that it was found necessary 
+o romove the commercial type carbon blocks for voltage surge protection, since 
these were found in most cases to fuse or weld together, short-circuiting the 
signal. Jumpers were substituted in their place. 


Protection against anticipated effects was employed only in the case of certein 


oquipment, in which cxtonsive earthing end screening devices wore used, and these 
were to a large extent effective. The danger to electronic equipment, however, 
is shown by the random malfunctioning of the counting unit, controlling timing 
of camera shutters. This effoct was subsequently repeated by an experimentally 
induced electric field, confirming the cause of failure. It is generally cl 
inereased sensitivity of equipment implies increased vulnerability to electro— 
magnetic effects, and that protection of oscilloscopes is necessary to avoid 
obliteration ("blooming') or distortion of the signal. 


Actual measurement of an induced voltage is shown in only one example, 
- where approximately 3250 volts was recorded by a galvanometer, protected by a 
40,000 volt air gap, inserted in an unconnected 5% miles length (paired) of 
timing signal lines, running from within 4 mile of G.Z. 
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Distance from 


Timing Distribution 


Station 
Meters, rel 
burned out. 


Neters, potenti 
ys destroyed, iP: 


Terainal 


strips mel ted 


Cables fuse 


Insulation breakdown 


Yield i Type 
and Height of 


: Burst 


Over-nomina: Tower 700! 


Series of 
balloon shots 
No height given 


Sub-nominal 
nominal and 
over-nominal 


Nominal Tower 500! 


Nominal 


: Air 52)! 


Series of 
Balloon shots 


: No height given 


Sub-noninal : 


Series of 
; Tower shots 
' No height given 


Not given 


Nominal 


Tower 


Overnominal : 
i 300" 


Underground 


Not given { 
i Serios 


1500! 


a : i 
Connection box for 

? balloon signal 

i cable destroyed, 


Connection box for 
balloon signal 
cable destroyed 


4500! 
Suppression box 
Capacitors 
destroyed 


Cables fused ulation 
Insulation break~ 


down 


tne 
6 moters and potentioneters, 
3 relays destroyed. 


Conductors fused 
together. 


Timing Distn, Stu. 
malfunction of indicators 


Random 


# mile 
Timing Distn.Stn. 
Cables to sub-etation 
and Timing stations damage 


4 mile 
Timing Distn. Stn. 
Relays burnt out 


& station 
malfunction of indicators 


3 miles 


Telephone relay stn. Carbon 


contacts fused, 


Conductors 


fused in cables on far side, 


about 1 mile 
Signal cables fused in 
underground tunnel 


Control Point 


Meters,Relays burned 


Control Pt. 
2 meters destroyed 


13 miles 
Control point 
Explosion at conduit 
entrance. Lead 
sheathing evaporated 
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Tnduced Voltages un Cables. 
Qeaw Bresler, 


With regard ts yor leer on ts subject, 


we rely ae Garrard fy Guidance , dnd Coury casted 
hein liefore replying BH the Limited query Us your laty 
27.10/59, 
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Mr. Re Firth 


Electromegnetic Effects of Nuclear Explosions 
You sent me a minute on this subject on the 2nd November. 


We hed a meeting with Mr. Garrard of DGAW, Ministry of Aviation, 
about 9 months age prior to his leaving for the U.S. te participate in the 
"Small Boy" trial in Nevada in the Sumer. Mr. Garrard was in Washington 
again recently to attend a symposium on 13/14th November at which some of 
the results of the trial were discussed, and abrief note of this meeting 
is attuched. 


We have now had the opportunity of meeting Mr. Garrard again together 
with representatives of Communications Branch and the GPO end hearing some 
cecount of this work. While very interesting scientifically it is obvious 
that at the present time there are so many unexplained anoma ties that it would 
be quite impossible to recommend any particular course of action until we have 
further information. 


A representative of the Bell Telephone Company — one of the major 
contractors in the trial = will be in this country soon and we shall take the 
opportunity of talking to him. In the U.S. a large body of experts hee been 
recruited to try and make some sense of the resulta, and I doubt very scch 
whether we shall hear anything more before the Summer at the earliest. In 
the meantime Garrard will be working on his own results and vill let us have o 
copy of his repert as soon as it is ready. 


My genera! feeling is thet the normal precautions that are teken against 
lightning beth in communication circuits anéd—in_perer_tines will be a 
partiel sefeguard for communication circuits and that more thought is 
required as to what should be done for power. 


SARGEAUNT 


Chief Scientific Adviser 
4th January, 1963. 


I hope after the "Bell" meeting that I shall not have to be so 


negative. 
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TOWOG-6 
D.A.S.A. Symposium on Small Boy Event 
Programmes 2, 6 & 7 


Introduction 


Through U.S. /U.K. Joint Working Group No.6, we were invited to’ participate 
in a Symposium held at the National Bureau of Standards, Washington, on 13th 
and 1th November, 1962, At this symposium all available data were presented 
on the following experimental programmes of Small Boy:— 


Programme 2 — Measurement of Neutron and Gamma Doses and Dose Rates. 


Programme 6 = Electric and Magnetic Field Measurements, Air and Soil 
Conductivity. 


Programme 7 — Electromagnetic Flash Target Response Measurements. 


Items included in these programmes are listed in nwc/P(62)7, 


The remainder of the 88 Items of the Small Boy programme were excluded 
from this Symposium. The effects of nuclear radiation on electronics had been 
covered in a recent DASA TREE panel meeting. 


A.W.R.E. were invited to describe the results of their electric field and 
air conductivity measurements, and in the course of the symposium the Ministry 
of Aviation representative was asked to describe his magnetic measurements. 
The programme of the Symposium, with subjects of individual contributions, is 
given in the Agenda at Appendix 'A', 


Nuclear Radiation Data 


A considerable amount of raw data on the time dependence of the neutrons 
and gamma radiation, as measured in a variety of ways, was presented by DOFL, 
NDL, SRDL, EG & G and Northrop-Ventura. Total dose measurements were also 
reported. The overall impression was gained that the data from different 
sources only agreed to within an order of magnitude at this stage, and that 
there was yet much work to be done in sorting out the discrepancies, mainly due 
to instrumentation. Nevertheless the data from Small Boy, although not wkolly 
consistent, rez;resented a considerable increase in our knowledge. 


Air C onductivity 


As an important part of the attempt to develop a soundly based theoretical 
approach to the origins and propagation of radio-flash, several measurements of 
air and soil conductivity as a function of time were carried out by different 
agencies. These included air measurements by Magnetohydrodynamics Corporation 
under contract to U.S. Air Force Special Weapons Center and by A.W.R.E., and 
soil conductivity measurements by the U.S. Geological Survey, The A.W.R.E, 
measurements were of high time resolution and should represent an important 
contribution to basic knowledge. 


Magnetic Field Measurements 


The principal effort was that by DOFL, who measured the magnetic field by 
integrating the output from small pick-up loops at a number of sites. Despite 
overloading caused by a fairly late change in the nuclear device used for the 
test, their measurements were largely successful, and included for the first 
time measurements 100 ft. below ground. Notes of many of their curves have been 
made, The Ministry of Aviation contribution, which included the measurement of 
the peak field pick-up by search coils inside 8 aluminium containers placed at 
ground level, was associated with this work. 


SECRET 


SECRET 


It was reported that the large programme of direct measurements of the 
magnetic field by Hughes Aircraft Co. had proved abortive. 


Electric Field Measurements 


The main U.S. effort on electric field measurements was by Boeing Airplane 
Company. The considerable amount of raw data obtained was reported but will 
require a considerable degree of interpretation, in view of the nature of the 
equipment used. The largely successful corresponding measurements by A.WW.R.E. 
were also reported, as were several unsuccessful U.S, experiments. 


Effects on Electronic Systems 


One of the more expensive prograumes at Small Boy, was an elaborate 
investigation of the currents induced in buried multi-core cable systems. This 
was performed by the Bell Telephone Laboratories,by Sandia Corporation, by Allied 
Research Associates for A.F.S.W.C., and others. Measurements were made at a 
number of places of the wave-form of the induced currents, and peak current 
indicators were widely distributed. The cables laid included a number of both 
bare and insulated radial cables, and both large and small cable loops. The Qs 
aim was to include both basic measurements, and also to give some help in the 
estimation of the hazard to a particular type of American I.C.B.M. underground 
installation, Most of the cables were buried about 3ft. below the surface. 
Although currents up to several thousands of amps. were recorded the currents 
ranging into tens of thousands of amps which had been anticipated were not found. 
To this extent the experiments were somewhat reassuring, but it must be 
remembered that the shot was a small one, and the scaling laws to yields of 
interest in this application are still open to a moderate degree of doubt. It 
seems reasonable to expect that some American agencies will wish for ‘a further 
investigation involving a much higher yield burst. 


Results were also reported of measurements at a second shot — Johnny Boy -- 
at which a cable loop completely encircled ground zero. These latter results 
were limited by instrumental failures, and did no more than indicate that peak 
valves were consistent with those found at Small Boy. 


Reports 


The whole Symposium was recorded, and copies of graphs and illustrations were 
handed in. D.A.S.A. intend to produce a full Symposium record in the next fow 
weeks and.U.K, have been promised copies of what should be a most valuable document. 
As most of the mass of detail was presented in the form of slides and epidiascope 
projections, note-taking by U.K. participants was extensive but scrappy. 
Briefings are being arranged for U.K. JOWOG-6 members and others interested in 
further details. 


Conclusions 


It is evident that while a surprising number of experiments failed completely, 
a considerable amount of information has been added to our knowledge of radio- 
flash and its effects. Neverthoclops it is oqually ovident that thie information 
hag not yet been fully digested in the U.S,, and it appears likely that the Small 
Boy event, while considerably advancing our kmowledge, will have raised as many 
questions as it has answered. 


There is clear evidence that the fields, even from a very nearly perfectly 
symmetrical explosion, vary considerably with azimuth, and that the magnitudes of 
the ficlds do not at all decrease monotonically with increasing distance. 
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Appendix A 


Agenda 


DASA Symposium on Small Boy Event 


ast Building Lecture Room, Bldg 2 
tional Bureau of Stendards 
Washington, D.C. 
0900 ~ 1600 
13 - 1) November 1952 
CDR W. W 


P. H 
Dr. C. A. Blank, DASA, Assis 


Welcome ...... «-Lt.Col. R. 


Introductory R . » General R. 


Administrative Remarks .s.ssseseeeP. Haas 


Session I - Environmental Measurements 


Dr. L. Wouters, Chairman 


Neutron Fl 
Integrated Gamma Dose 
Neutron Dose Rate 


Semired Initial Gemma Flux 
Measurements 


Coffee Break 


Soil Conductivity 
Measurements 


Air Conductivity 


W. McEvoy, USA 
H. Booth, USA 


Project Officer 
P. A, Caldwoll 
J. He McNeilly 
R.F. Benck 

Dr. S. Kronenberg 


Dr. S. Kronenberg 


R. A. Black 
Dr. M. Jones 
Dr. E, D. Draycott 
Dr. A. Odell 


G. Hansen 


M. Knapp 


Session II - Megnetic Ficld Measuroments : 
P. Haas, Chairman 
Timo Project Title Project Officer 
1430 — 1500 Magnetic Loop Measurements F, Wiminetz 


1500 — 1530 5 {. D. Hanscome 
1530 — 1545 Teal VLF Loop Mr. Salton 


Wednesday 14th November 1962 


Session III — Pragmatic Moasurements 
Capt. W. Hondorson, Chairman 


0900 = 094.5 Barth Current Measurements Planage” 


0945 = 1015 * “Cable Loop Moesuremonts 


1015 = 1045 Instrumental Measurements Norton 
Buies 


1045 1100 Coffee Break 


1100 1415: Response of Electric Powor BE. Dinger 
Systems 


4115 1130 Blectroz otic Radiation J, Weibell 
Vulnerability 


gnetic Measuremonts . J. Garrard 


Lunch 


Session IV - Blectric Field surcments 


Dr. J. Malik, Chairman 
1300 1330 Blectric Field Measurements W. Nesbitt 


1330 1345 Earth's Static Field A. Whitson 
Measurenents 


13K5 — 1415 Correlation of Present and Previous H. Reno 
Blectric Field surencnts 


1h15 = 1445 AWRE Measurements S.D. Abercrombie 


1445 —- 1500 Airborne Bloctric Field Moasurenents LCDR K. Butler 


150M = 1515. 5 Blectromagnotic Radiation Vulnorability R. Parker 


Sossion V - 91 Di ion and Froo-For= All 


Dr. C. Longmire, Chairman 


1515 — 1615 Theoretical Consideration and Comments 
on the Deta 


CONFIDENTIAL 


Mr. Sargeaunt 


I shall be most grateful if the Scientific Advisers 
Branch could examine the question of whether among the 
effects of a nuclear burst there is likely to be the 
overloading of telephone lines with consequent damage to 
exchanges and subscribers instruments. 


We should like to know, if possible, the range 
at which such damage might be experiencelfrom the ground 
zero of a nuclear weapon, and the steps, if any which it 
might be possible to take to neutralise this effect® © 
Whether this effect would apply to the carrier W.B.400 
equipment which the Post Office is now installing as a 
means of distributing warnings. If no satisfactory 
counter measures can be taken to protect the telephone 
systems, we would like to examine with Scientific Advisers 
Branch the problem of the geographical extent to which 
it might be prudent to arrange for wireless backing. 


Finally, perhaps you could give me some indication 
of how long this project might take and the date by which 
Scientific Advisers Branch might be able to give us their 
advice. 


2nd _ November, 1962. 
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4 Conclusion 


In the two years since we first started work we have begun to understand 
some of the problems caused by EMP. A degree of confidence has been gained from 
this experience, but it is recognised that the greater part of the task lies 
in the future and there is still much work to be done. 
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Project 6.5 a Analysis of Electromagnetic Pulse Produced by a Nuclear 


Explosion - Charles J. Ong 


Bikini Atoll 


OBJECTIVE 


The objective of Project 6.5 is to obtain waveforms of the electro~ 


magnetic radiation for all the detonetions during Operetion REDWING, 


This data is to be used in connection with a continuing study relating 


the wave form parameters to the height and yield of the detonation. 


INSTRUMENTATICN 


Two identical stations are used to record data, one at Eniwetok 


and one et Kwajalein. 


The instrumentation consists of a wide-bend receiver with separate 


outputs connected to each of the three oscilloscopes. Mounted on each 


oscilloscope is a Polariod Land Camera for recording the transient 


display. 
RESULTS 


Station A:  Eniwetok 


The predicted field strength ee. << 16.0 volts per 
7 ee 
meter. The measured field strength a <2: 14.4 volts per 


meter. “The general waveform for the 1.0 ~ sec/cm sweep was poor but the 


waveforms recorded for the other two scopes were good. 


Station B: Kwajalein 


No record date due to the loss of timing with WWVH. 


CONCLUSIONS 


All data hes been forwarded to Evans Signal Laboratory for final 


analysis. 


~ 8h = 


Chapter 10 | | 
TEST of SERVICE EQUIPMENT and MATERIALS 


10.3 WAVE FORM OF ELECTROMAGNETIC PULSE FROM 
NUCLEAR DETONATIONS 


The objective was to obtain and analyze the wave form of the electromagnetic (EM) pulse re- 
sulting from nuclear detonations. In particular, broad-band measurements were made from 0 
to 10 Mc at ranges up to 460 miles. 

Previous measurements of the EM pulse were made during Operations Crossroads, Sandstone, 
Greenhouse, Buster-Jangle, Tumbler-Snapper, Ivy, Upshot-Knothole, Castle, Teapot, and Red- 
wing. The equipment used for these measurements ranged from narrow-band tuned receivers to 
broad-band untuned receivers. The antennas used with these receivers varied from simple 
probes to specially designed discones. Equipment similar to that used by Operation Hardtack 
Project 6.4 had been used during Operation Castle. In general, the EM-pulse energy was found 
to be predominantly in the low frequencies (approximately 10 to 20 kc), with: measurable compo- 
nents at frequencies as high as 300 Mc. The duration of the EM pulse was found to be approxi- 
mately 50 usec, with an initial rise time as shortasl0 psec... 


ee sss... 


Two stations were used: Kusaie, 460 miles from Bikini and 420 miles from Eniwetok; and 
Wotho, 100 miles from Bikini and 240 miles from Eniwetok. ... 


Shut Yucca (see Figures 10.1 and 10.2). No data was recorded at Wotho for this shot be- 
cause of technical photographic problems. Several camera shutters did not open. Trace in- 
tensity was, in general, too low for proper recording. Also, field strength at Kusaie indicated 
that deflection at Wotho would have been some five times the scope limits. 

All scopes at Kusaie triggered, and the signal was recorded. The wave form was radically 
different from that expected. The initial pulse was positive, instead of the usual negative. The 
signal consisted mostly of high frequencies of the order of 4 Mc, instead of the primary lower- 
frequency component normally received (Figures 10.1 and 10.2). The fact that Shot Yucca was 
a very-high-altitude shot may have provided a more favorable propagation path for the higher 
frequencies that were recorded. 


Shot Cactus (see Figures 10.3, 10.4 and 10.5). The signal from this shot was received 
and recorded at Wotho. A secondary positive spike appeared in the signal, even though a single- 


stage nuclear device was used (Figure 10.4). 


347 
TABLE 10.1 WAVE FORM AND SHOT PARAMETERS 
: Number Peak Negative Plateau Negative 
shat wield of Stages Range Field Strength Field Strength 
kt miles v/m v/m 


WOTHO DATA: 


Cactus 17 Single 240 1.7 0.92 
Fir 1,360 Two 100 6.4 2.6 
Butternut 82 Two 240 2.8 1.2 
oo Koa 1,370 Two 240 1.2 _ 
2 Holly 5.75 Single 240 1.2 0.82 
Nutmeg 22.5 Two 100 8.0 2.9 


KUSAIE DATA: 


Yucca 2.0 Single 440 0.45 
Butternut 82 Two 460 0.33 
Koa 1,370 Two 460 0.28 
Holly 5.75 Single 460 0.18 
Nutmeg 22.5 Two 440 0.54 


Hardtack ITR 1660. 


summary extracts AD369152 


Project 6.5 = Analysis of Electromagnetic Pulse Produced by Nuclear 
Explosion = C. J. Ong 
Ob jective 

The objective of Prodeck 6.5 is to obtain waveforms of the electro= 
magnetic radiation for all the detonations during Operation REDWING. 
This data is to be used in connection with a continuing study relating 
the waveform parameters to the height and yield of the detonation. 
Instrumentation 

Two identical stations are used to record data, one at Eniwetok 
and one at Kwajalein, 

The instrumentation consists of a wide-band receiver with separate 
outputs connected to each of the three oscilloscopes, Mounted on each 
oscilloscope is a Polaroid Land Camera for recording the transient dis- 
play. 

The wide~band receiver consists of one primary and four secondary 
cathode follower amplifiers, An antenna, frequency insensitive in the 
range of interest is fed directly into the primary cathode follower, 

The primary cathode follower is then connected to four individual cathode 
followers by a 50-ohm coaxtal cable. Only three secondary cathode foll- 
owers are utilized, the fourth serving as a spare. 

The number one and two cathode followers feed oscilloscopes with 
sweep speeds of approximately 30 micro~seconds per centimeter and 10 
microseconds/centimeter respectively. The number three cathode follower 
is connected to the third oscilloscope through a 2 micro-second delay 
line. The third oscilloscope has a sweep speed of 1,0 micro-seconds/cen= 


timeter, All oscilloscopes were triggered simultaneously by the DC 
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trigger device located in the primary cathode follower and connected 
directly to the receiving antenna, The 2 micro-second delay line was 
added to permit the leading edge of the waveform to be recorded. 

In order to establish a definite time relationship between the re- 
ception of the signal and the triggering of a given device such ane 
counter or transmitter, a time marker pip, generated by the delay trigg- 
er from one of the oscilloscopes, is fed through the 2 micro-second delay 
line and superimposed on the initial portion of the received waveform, 
Procedure 

All oscilloscopes are calibrated against a known frequency standard 
for sweep linearity. 

The cathode follower triggering system is set to trigger approxin= 
ately 6 db. above the noise level. The vortices deflector of the oscill- 
oscopes are set to receive the predicted field strength. 

Results 
Station A - Parry Island 
Waveform traces were obtained on two oscilloscope photos and 
the third oscilloscope failed to function properly. The predicted field 
strength was 43.0 volts per meter and the measured field strength was 17.0 
volts per meter. The waveform traces are of good quality. 
Station B - Kwajalein 
waveform traces were obtained on two oscilloscope photos and 
the third failed to trigger. The predicted field strength was 25,0 volts 


per meter and the measured field strength was 6,8 volts per meter. 
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Where: 


For a nuclear weapon, the radius of the ionized region,a, produc- 
ing the electromagnetic pulse was estimated from the relation 


Wo= 4,55 x 1079 a exp {2 (1-exp (-0.2254a]] } (1.2) 
Where: Wo= yield Mt 

a = effective radius, kilometers. 

$ 
000 a i 3 (a)® ra (a)4 (3) 

Emax = 30908 a 
pore: Emax 7 peak electric field, volts/meter 

a = effective radius, feet 

R = distance, feet 


fields could not be predicted reliably. 


netic 
SO rae valve for the high-frequency horizontal component 
was estimated from the equation: 
(1.4) 


100 Wo exp. = (-2.5R) on) 
si Re 


= horizontal component, oersteds 
= distance, kilometers 


= yield, Mt 


ABOVE: surface burst EMP data from pages 16-17 of POR-2239 / weapon test report WT-2239, by 
P. J, Sykes, Jr., "Operation Sunbeam, Project Small Boy, Project Officers Report - Project 7.1.4, 
Transient Radiation Effects Measurements on Guidance Systems Circuits", DTIC AD-A995 378. 


M. H. OLESON, "OPERATION IVY, PROJECT 7.1, REPORT TO THE 
SCIENTIFIC DIRECTOR, ELECTROMAGNETIC EFFECTS FROM NUCLEAR 
EXPLOSIONS," nuclear weapons test report WT-644, AD-A995 500: 


FIGURE 15: EMP 
WAVEFORM FROM 
500 KILOTON KING 
ENIWETOK TEST IN 
1952, RECORDED AT 
MAUI. 


| 500 kt IVY-KING 


\ 


N 


| US NATIONAL BUREAU, 
OF STANDARDS, MAUI 


0 0.1.0.20.3 0.40.5 0.6 0.7 ms 
Page 9: "During Ranger (Nevada, January-February, 1951) large 
excursions were noted on a Brush recorder attached to a long wire and 
crystal diode. Hastily-planned measurements, using oscilloscopes, 
during Greenhouse (Eniwetok, early Summer, 1951) demonstrated pulses 
with sharp rise times coincident with the detonation of the nuclear 
devices. In the Fall of 1951 (Nevada,Buster-Jangle) electromagnetic 
effects which could be fairly well correlated with the atomic explosions 


were reported by stations at varying distances from the detonation 


points.” it 


w/w imaes) 


TRI Shot Tews, During Shot Towa, the slateenth of the seventee 


the dual-ber 
‘mounted inside the aircratt on the window rack, was 
‘displayed the signal {rom the larger antenna, mounted outaide the air 


the alreradt was 08 naut mi (178 ken) south of the detonation, at the 18,000-foot alt 
was usual {oF the flights. The signals receive on the two fiducial antennas were both shown in 
jclloscope, Type 393. The amplified signal from the smaller fiducial antenna, 
played on Channel A, while Channel B 


Operation Redwing, Nuclear Weapon test report WT-1352 


in Redwing 


raft akin, 


AJ. Waters, OPERATION REDWING-PROJECT 6.4 AIRBORNE ANTENNAS 
T 


° co 7000 


wicnoseconos 


Figure 17 Shot King = National Bureau of Standards broad 


band wave fora recorded at Stanford University. Dotted 
sections show probable shape. 
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A. Glenn Jean, “National Bureau of Standards, 


Preliminary Report on Castle, Project No. A/419/NBS", 


DTIC report AD0338553 (partially declassified in 2013): 


= } | 
H “i “ ee ee / | | nen 11 megatons 
5.01 Mt, 87% eee aRine irre mee iene oe, py gee aetnecae Re im aoane  Castle-Romeo 


fission, 178 km Figure 3.2 Shot Tewa 
EMP measured from the 5.01 megaton, 87% fission Redwing-Tewa surface burst, Bikini Atoll, 1956 (source: ADA995297) 


ong ee, reunite range 100m Stat alr Me etomapte 


Svea fox 
taalinity oi viven Crface burst 


Figure 3.37 


BIGHORN 


Upper=loop, 


Sweep speed, 


$8 LOYALTY 
ower-whip 


ape, Shot Bighorn Shot Rinconads. 


tal signal, tape, 


RINCONADA: USS LOYALTY 


Figure 3.32 


A.P. BRIDGES, ET AL., 
"OPERATION DOMINIC AND FISH 
BOWL SERIES, PROJECT OFFICERS 
REPORT - PROJECT 7.1, 
UNDERWATER EMP", 

POR-2033, weapon test report 
WT-2033, AD-A995 288, page 9: 


Experimental signal, & Harlem. 


"The electromagnetic (EM) signal 
from a nuclear detonation has a 
waveform that has definite 
characteristics and is repeatable. It 
has been proposed to use this 
phenomena as the basis of a 
terminal surveillance system 

reen for use aboard the Polaris. " 


HARLEM: 


Upper-loop, 
Sweep speed, 0.1 m 
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Comparison of General Waveforms for the Dipole Moment, the Current, and the E-Field 
for and Air Burst 
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WT-930 (EX) 
EXTRACTED VERSION 


OPERATION CASTLE 

PROJECT 7.1 

ELECTROMAGNETIC RADIATION CALIBRATION 
PACIFIC PROVING GROUNDS 

March - May 1954 


M. H. Olseon 


Headquarters Field Command 
Armed Forces Special Weapons Project 
Sandia Base, Albuquerque, New Mexico 


June 13, 1958 


NOTICE 
This is an extract of WT-930, which 


remains classified SECRET/RESTRICTED 
DATA as of this date. 


Extract version prepared for: 
Director Approved for public release; 
distribution unlimited. 
Defense Nuclear Agency 
Washington, D. C. 20305 


31 August 1984 


OBJECTIVES 


In order to gain maximum information on nuclear detonations as 
determiried from the electromagnetic pulse received at distances, there 
are two fundamental problems; first, the discrimination of nuclear- 
weapon pulses from natural atmospherics and second, the determination 
of the maximum information on the source itself and external conditions 
at detonation time, from the characteristics of the selected pulse. 

The 7.1 Castle project offered an opportunity to monitor detonations of 
nuclear devices of known composition and characteristics. 


BACKGROUND 


AFOAT-1 has supported experizental measurements of the pulse emit- 
ted at the time of a nuclear detonation during each series of atonic 
tests beginning with Buster—Jangle (Autumn, 1951). As a result of these 
experiments (References 1,2,3), the following can be stated with some 
assurance 3 

l. There is an electromagnetic pulse less than 100 psec long 
emitted at the time of a nuclear detonation. 

2. At a distance of 20 km from the generating source, the field 
strength may be a few hundred volts per meter. 

3. There is a general relationship between kiloton yield and the 
vertical component of the electromagnetic field. 

he The emitted frequency spectrum extends from about 2 ke or 
below up to a few megacycles, but the main components are in the region 
of about 6 to 50 ke. 


5. There is an approximate inverse relationship between yield and 
predominant frequency. 

6, Pulses received close-in (i.e. approximately 20 ks) exhibit 
very short rise times (less than a microsecond) in a negative direction 
(4.0, the electric field vector is downvard). 

7. The pulse is predominantly vertically polarised. 

8. Close-in reception indicates that certain nuclear-weapon char- 
acteristics can be determined from pulse fine structure. 

9. Even low-yield nuclear detonations can produce a pulse receiv- 
able at distances in excess of 1,000 ka. 

10. The ground wave is generally not detectable beyond about 1,500 
km from the source because the ionospheric sky wave reflections predom- 
inate. 

ll. A fix of the source of the pulse can be obtained with direc- 
tion-finding equipment; observed azimuthal errors to date using equip- 
ment tuned to 10 ke have been between O and 9 degrees; most errors have 
been less than 3 degrees. 

12. At distances, the pulse is extended to approximately ten times 
its close-in length. This is the result of multiple arrivals by vari- 
ous paths, each characterized by one or more ionospheric reflection. 

13. Close-in fine structure disappears during sky wave propagation 
to distances. 


TABLE 1 SUMMARY OF CASTLE RESULTS 


Station/agency Tine as received at the station (Z), corrected for auclear detonation pulse and ww 


Distance (ina) transmission times; Remarks; Recorded azimuths to detonation points; Field Strength 
and calculated data (v/m); a. Broad-band, center-to-peak (W whip, L loop); b. Narrowband. 
azimuths to 

Bikini (B) and Shot 1 - 28 February 1954 = 1844:00.0112 Shot 2 - 26 March 1954 - 1830:00.3782 
Eniweatok (B) Detonated at Bikini Detonated at Bikini 


1830100.378 Waveform equipment 

was moved to Runit Island, Eniwetok for 
the balance of the series, 

a.~ al. 0 


Radioactive debris fogged waveform equip~ 
ment on Enyu Island, Bikini Atoll (20 im 
from detonation point), 


1845 100.911 Be O.% 1830:00.378 


No time record. a. 


1845 300.910 


0.026 20 ke) 


tJ 
Shemya/ORL Alert notification not received in time, 1830 190, 3 Q 
B 4,680; 209° 210° 23° 
E 4,750; 214° 
a yi: 
e 0.52 (Ww) 


Poor timing record. 
a 


O.! 
0.010 
0.011 


Stanford Univ/NBS W 
B 7,740 (8 ke) 


0.018 (12.5 kc) 


183 


0:00.5 - 
271° 35° 


0.016 (12.5 ke) 
0.0015 (20 ke) 


de 
0.16 
. 0,20 20 ke - 
Thule/DRL Alert notification not received in time. ee a. ~ 0.02 Hi} 
B 9,630; 3070 22° 310° 23° 0,025 (L 
E 9,700; 310° *1° 


B19 3 7 
$435:300.9L a. 60.58 . 1830:00,378 ae e410 Hl 
: BT =3° 0.083  (L) 0.13 (L) 
a,9 +50 
0.080 ) 


1830:00.378 a. 


be 0.0054 (8 ke) 
0.0052 (12.5 ke) 
8 (20 

Andrews /AS Not in operation. 183019032 ° 
B 11,550; 296° 300° =3 

7710 

B/ AF Equipment trouble. 1é 
97503; 301° 2 


ach/A 1845:00.00 * 
3 291° 299° 23° 


n/ DE Alert notification not received in time. Poor time correlation. 
12° 199 230 a. 0.049 (W) 


B/ AW sot 48 5 Not in operation. 
3 ‘ 
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local. Timing. Annex A of Reference 3 has a detailed account of 
the National Bureau of Standards (NBS) local timing unit. A typical 
time record from a close-in station is shown in Figure 1 and one from a 
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TABLE 1 SUMMARY OF CASTLE RESULTS (Cont) 


Station/Agency 
Distance (im) 
and calculated 
asimuths to 
Bikind (B) and 


Shot 3 = 6 April 1954 = 1820100.4122 
Enivetok (E) 


Detonated at Bikini 
1820:00.412 a. ~ 15,0 (w) 


Larson AFB/AP 
B 8,030; 267° 
E 8,200; 269 


Thule/DRL 
B 9,630; 307° 21° 
E 9,700; 310° 21° 
Duluth/AF 
B 10,080; 287° 
E 10,280; 289° 
etin/UE) 
R 10,100; 282° 7° 
E 10,350; 284° 21° 
Ue s 3 
0.90075 (8 ke) 
0.001 (12.5 ke) 
22 (20 


“Within [imtt of resolution, 
AVUOWpsv r- $8 Fy poy w KE apucue 


Time as received at the station (2), corrected for nuclear detonstion pulse and Wh 
transmission times; Remarks; Recorded asimuths to detonation points; Field Strength 
data (v/m); a. Broad-band, center-to-peak (W vhip, L loop); b. 


Narrow-bend, 


Shot 4 = 25 April 1954 = 1810:00.6912 
Detonsated at Bikini 


1810:00.691 a. ~40.0 (W) 


1810:00.692 


1810:00,689 


a. 0.939 W 
2u,° 430 


0.33 (L) 


ke ) 
2.5 ke) 
20 ke 


e 


Heavy sferics activity. 


Not in operation. 


1810:00.692 
220 430 


a. 0.009 = W 
0.0059 (L) 


loca]. Timing. Annex A of Reference 3 has a detailed account of 


the National Bureau of Standards (NBS) local timing unit. 


A typical 


time record from a close-in station is shown in Figure 1 and one from a 
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TABLE 1 SUMMARY OF CASTLE RESULTS (Cont) 


Station/Agensy Time as received at the station (Z), corrected for nuclear detonation pulse and Wh 
Distance (km) transaission times; Remarks; Recorded asimiths to detonation points; Field Strength 
and caloulated data (v/m);3 a. Broad-band, center-to-peak (W whip, L loop); b. Narroweband. 


Shot 6 - 13 May 1954 = 1820:00.4042 
Detonated at Eniwetok 


asisuths to 
Bikini (B) and Shot 5 - 4 May 1954 ~ 1810:00.1562 
Eniwetok (B) Detonated at Bikini 


1820:00.404 a.~775.9 


k/NBS 1810:00,156 a. ~34.0 (Ww) 


4 
Bs 
‘ 


«46 
b. 0.935 (8 ke) 
0.028 (12.5 ke) 


Guan/ 


ea a. 0.073 (W 1820:00.40l as 
215? 23° 0.42 (L) 210° £30 fe) 


Tere] er e| ew 
a bua 83 
Eg 


ww 
aagdesr 
BBA 

< 


(12.5 ke) 
(20 ke) 


fe) 8 

0 12.5 ko) 

0.00057 (20 ke) 

0.041 W 
L 


Thule/DE 1810:00.157 ae . 
B 9,630; 3079 N° | 3080 230 0.032 
EB 9,700; 310° f° 

#2 


Balu th/ A) $810:00.17 

B 10,080; 287° 2ag° 23° 

EB 10,280; 289° 

Austin/DF 1810300. 158 a. 0.259 (Ww) 

2 i »1003 282° 4)°| 2g60 430 0.1%  (L) 
x ¥. 


0.0037 (8 ke) 
0.0040 (12.5 kc) 


11.920 é 
TF Beach/ Awe B10 100.L2 Not in operation. 
. 11,850; 291° 
i esas 
Kirknevton/tR! 1810 ;00.158 a. 0.0086 (Ww) 1820:00.404 a. 0.012 (W) 
B 12,510; 12° 26° 23° 0.0063 (L 21° 23° 0.0070 (L) 
B 12,530; 17° 
Tndliey APE/inS : B00, Ee .Not in operation. 
B 12,860; 302° 306° <3 
E 13,100 


"Within limit of resclution. 
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local. Timing. Annex A of Reference 3 has a detailed account of 
the National Bureau of Standards (NBS) local timing unit. A typical 
time record from a close-in station is shown in Figure 1 and one from a 
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Figure 6 Flot of selected Castle data showing the relationship between peak fie. 
a north-south path. Probable curves, drawn by inspection, are shown 


OISTANCES IN KM 
FROM PACIFIC PR. GR. 


P- PT. BARROW - 7200 
T+ THULE -9700 
K= KIRK NEWTON ~ 12 810 


rength and yield on 


- Barrow and Thole. 
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